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Title: METHOD

(S7) Abstract: The present invention relates to a method of reducing and/or removing diglyceride from an edible oil, comprising
\O a) admixing an edible oil with an acyl acceptor substrate and a fatty-acid CoA independent diglyceride: glycerol acyltransferase,
Q wherein the fatty-acid CoA independent diglyceride: glycerol acyltransferase is characterized as an enzyme which in an edible oil is
B
ln capable of transferring an acyl group from a diglyceride to glycerol. Preferably, the diglyceride: glycerol acyltransferase comprises
¢ the amino acid sequence motif GDSX, wherein X is one or more of the following amino acid residues L, A, V,I, F, Y,H,Q, T, N,
&S M or S. Furthermore the present invention relates to the use of a fatty-acid CoA independent diglyceride: glycerol acyltransferase
pre y pe Bly gly

characterized as an enzyme which in an edible oil is capable of transferring an acyl group from a diglyceride to glycerol, in the
manufacture of an edible oil, for reducing and/or removing (preferably selectively reducing and/or removing) diglyceride from said
edible oil, and to the use of said enzyme in the manufacture of a foodstuff comprising an edible oil for improving the crystallization
properties of said foodstuff.



WO 2005/066351 PCT/1B2004/004374

10

15

20

25

30

METHOD

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following related applications: United States Application
Serial Number 09ﬁ50,990 filed on 20 .July 1999; United States Application Serial
Number 10/409,391; United States Application Serial Number 60/489,441 filed on 23
July 2003; United Kingdom Application Number GB 0301117.8 filed on 17 January
2003; United Kingdom Application Number GB 0301118.6 filed on 17 January 2003;
United Kingdom Application Number GB 0301119.4 filed on 17 January 2003; United
Kingdom Application Number GB 0301120.2 filed on 17 Janwary 2003; United
Kingdom Application Number ‘GB 0301121.0 filed on 17 January 2003;- United
Kingdom Application Number GB 0301122.8 filed on 17 January 2003; United
Kingdom Application Number GB 0330016.7 filed on 24 December 2003 and
International Patent Application Number PCT/IB2004/000655 filed on 15 January
2004. Each of these applications and each of the documents cited in each of these
applications (“application cited documents™), and each document referenced or cited in
the application cited documents, either in the text or during the prosecution of those
applications, as well as all arguments in support of patentability advanced during such
prosecution, are hereby incorporated herein by reference. Various documents are aiso
cited in this text (“herein cited documents™). Each of the herein cited documents, and
each document cited or referenced in the herein cited documents, is hereby

incorporated herein by reference.
FIELD OF INVENTION

The present invention relates to a novel method for the enzymatic removal and/or

reduction of diglyceride (preferably 1, 2-diacylglyceride) from an edible oil.
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TECHNICAL BACKGROUND

Oils and fats consist of complex mixtures of triacylglycerols (TAGs), diacylglycerols
(DAG:s), free fatty acids and other minor components. The crystallisation of these
mixtures depends on the characteristics of the TAGs (structure, chain length, saturation
compared with unsaturation, and the like) and the interaction of these TAGs with each
other. Regarding the presence of DAGs, previous studies have shown that they have
significant effect on the physical properties of oils and fats. These vary from rate of
crystallisation, polymorphism changes, melting point, crystal size and habits (Siew,
2001). ‘

In most oils that are extracted from oilseeds, the effect of DAGs is less pronounced, as
DAGs are only present in small quémtities. In primarily palm oil and olive oil, which
are oils containing high natural amounts of DAGs, however, the quality of these oils

suffers if DAGs are present therein. -

Palm oil obtained from oil palm (Elaeis guineensis) is.commercially important edible
oil. Palm oil has been a prominent fat and oil resource for the food industry due to
several advantageous properties, such as high productivity, low price, high thermal and
oxidative stability and plasticity at room temperature. In addition, compared with other

vegetable oils, palm oil is a rich source of the anti-oxidant vitamin E.

A typical chemical composition of refined palm oil is about 93% triglycerides, 6%
diglycerides and 1% monoglycerides (MAGs) (Okiy, 1977).

When palm oil crystallizes, a complex 3-dimensional network of the present
components is formed. In the theory it is described that the bigger the diversity of the
building blocks (TAGs, DAGs and MAGs) in the network, the more complicated the
network will be and the slower the crystallization will happen (Jacobsberg & Ho,
1976). This theory was confirmed by Drozdowski (1994). Furthermore, his studies
showed that the more the fatty acid composition variation in the triacylglycerol

molecule, the more difficult was the transition between the different crystal phases.
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As previously mentioned, a high content of diglycerides in palm oil affects iis
crystallization properties (Okiy et al., 1978, Okiy, 1978).

The presence of diglycerides in such oils is disadvantageous. In particular, diglyceﬁdes

in edible oils (in particular palm oil) can lead to a low quality oil.

The problems relating to the diglyceride content in palm oil and other edible oils and
fat have been the subject of many studies and different solutions to attempt to

overcome the problem of too much diglyceride can be found in the literature.

The Japanese enzyme producer Amano on their home page (Amano Enzyme Inc.,
2004), recommend an enzymatic process to remove diglyceride in fats and oils. This
process is based on the use of an enzyme LIPASE G “AMANO” 50 which is able to
degrade- diglycerides to free fatty acids and glycerol. This enzyme is a diglyceride
(DAG) and/or monoglyceride (MAG) hydrolyzing. The free fatty acids produced are

. removed by vacuum distillation or fractional crystallisation.

EP 0 558 112 describes a process for the enzymatic hydrolysis of residual diglycerides
in triglyceride preparations in emulsions. The process is based on the hydrolysis of
diglyceride with Lipase G from Amano, Japan (supra). The process was enhanced by
making the enzymatic reaction in an emulsion for the de,;;radation of diglyceride to

fatty acids and glycerol. The water phase is separated after reaction and the enzyme is

partly reused.

JP 62061590 teaches a hard butter containing low amounts of diglyceride, which is
manufactured by treating oils or fats with a partially glyceride-specific enzyme (e.g., a
lipase) in the presence of a catalytic amount of water and by a lipase that is a 1,3-
specific enzyme in the presence of fatty acids, fatty acid esters, or other glyceride oils
or fats. The product is hard butter especially suitable for use as a cacao butter
substitute. Thus, lipase G and Rhizopus deremer lipase (1,3-specific enzyme) were
mixed with diatomaceous earth and granulated. The granules was mixed with palm
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medium melting point fraction (5.7% diglyceride, acid value 0.25) and water (10%
with regard to the partial glyceride-specific enzyme). The mixture was stirred at room
temp. for 1 h, and the enzymes and water removed to give a hard butter containing

1.2% diglyceride (acid value 10.5).

The prior art thus teaches ways to reduce or remove the content of diglyceride in palm
oil and other edible oils by enzymatic reactions. These processes rely on the hydrolysis
of diglyceride with a specific diglyceride hydrolysing lipase during formation of free
fatty acids and glycerol. The free fatty acids can then be removed by means of

different processes like vacuum distillation or fractionation.

The disadvantage of using a specific diglyceride hydrolysing enzyme is the
disadvantageous formation of free fatty acids. These free fatty acids have to be

removed from the palm oil. Thus, the formation of free fatty acids is often considered

as loss of product.

To overcome the problems with the removal of free fa&y acid and-the loss. of product
caused by the free fatty acid formation we have found a new method to overcome the

problems with high diglyceride content in palm oil and other vegetable oils.

Enzymatic removal of diglycerides from palm oil has been taught by use of lipases,
which are typically 1,3 specific triacylglycerol hydrolyzing enzymes (E.C. 3.1.1.3) (for
example see JP 62061590 or EP 0 652 289). WO00/05396 teaches inter alia treatment

of a food material which may comprise glycerol with a lipase to effect glycerolysis in a

'low water environment.

However, both 1,3 specific triacylglycerol hydrolyzing enzymes (lipases) and
DAG/MAG hydrolyzi_ng enzymes result in a significant increase in free fatty acid in
the oil, and also result in the hydrolysis of monoglycerides.

However, in some vegetable oils for some applications for example it may be desirable

to increase the monoglyceride content of the oil as this provides emulsifier
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functionality.  Thus, in one aspect it is preferable to reduce diglyceride content
without decreasing the monoglyceride content. In another aspects it may preferably to

reduce both the diglyceride and monoglyceride content.

Lipase enzymes can also result in a detrimental increase in DAG due to the hydrolysis
of triacylglycerol (TAG), the bulk lipid present in food oils.

In 'WO02000/36114, US2003/0028923 and US2003/0074695 the transformation of a
plant with a nucleic acid having a sequence which encodes a diacylglycerol

acyltransferase (DGAT) enzyme or an antisense sequence thereto is taught. The |
DGAT enzyme taught in these documents catalyses the final step in the “Kennedy
pathway” where a diacylglycerol (DAG) is combined with the acyl groups of acyl CoA
to form a triglyceride (TAG). Thus, these documents teach the production of
transgenic plants with modified TAG compositions and/or contents. The DGAT
enzymes- taught. in these documents are not lipid acyl transferases and/or.

diglyceride:glycerol acyltransferases in'ac_éordance with the present invention.

In particular, DGAT’s require the presence of acyl CoA or fatty acid CoA to function.
Acyl CoA is not suitable for use commercially for treating edible oils as it is
prohibitively expensive. However, these enzymes will not work without the present of

acyl CoA. In addition enzyme reactions relying on fatty acid-CoA are very difficult to
control industrially.

In addition, all of these documents teach that it is often desirable to reduce the
expression of DGAT enzymes in a plant, thus to reduce the amount of TAG in the
plant. This contrasts sharply with the present invention which ultimately requires the
preservation and/or production of TAG whilst reducing diglycerides (DAG) in an
edible oil.

WO003/100044 teaches a phospholipids:diacylglycerol acyltransferase (PDAT) which
catalyses the formation of triglycerides (TAGs) by an acyltransfer from phospholipids
(lecithin) to inter alia diacylglycerols (DAGs). PDATSs require phospholipid as the



WO 2005/066351 PCT/1B2004/004374

5

10

15

20

25

30

acyl donor. This contrasts sharply with the present invention where the acyl donor is
~ DAG. This document does not teach the removal of DAG from edible oils using a lipid

acyltransferase in accordance with the present invention.

{ SUMMARY OF THE INVENTION

It has been found that the use of fatty-acid CoA independent.lipid acyltransferases as
defined herein, specifically fatty-acid CoA independent diglyceride:glycerol
acyltransferases, results in the selective reduction and/or removal of diglycerides

(preferably 1,2-diglycerides) from edible oils.

The term “selective” as used herein means that in an edible oil environment the
enzyme utilizes diglycerides (DAGs), preferably 1,2-diglycerides, as a substrate
preferentially to either triacylglycerides (TAGs) or monoglycerides (MAGs). Thus,
diglycerides can be removed and/or: reduced from.the edible oil ‘whilst leaving the
amount of triglyceride in the oil unchanged (or substantially unchanged). The amount
of monoglyceﬁdcs in the oil either remains unchanged (or substantially unchanged) or

may increase. In some applications, the amount of monoglyceride in the oil may be

reduced.

In one aspect of the present invention there is provided a method of reducing and/or
removing diglyceride from a foodstuff, comprising >a) admixing a foodstuff or a
portion thereof with an acyl acceptor substrate and a fatty-acid CoA independent
diglyceride:glycerol acyltransferase, wherein the fatty-acid CoA independent
diglyceride:glycerol acyltransferase is characterized as an enzyme which in an edible
oil can transfer an acyl group from a diglyceride to glycerol.

In a further aspect of the present invention there is provided a method of reducing
and/or removing diglyceride from an edible oil, comprising a) admixing an edible oil
with an acyl acceptor substrate and a fatty-acid CoA independent diglyceride:glycerol
acyltransferase, wherein the fatty-acid CoA independent diglyceride:glycerol
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acyltransferase is characterized as an enzyme which in an edible oil can transfer an

acyl group from a diglyceride to glycerol.

Suitably, the method according to the present invention may further comprise adding
the treated edible oil or a portion thereof to one or more food constituents to formulate

a foodstuff, such as margarine or spread for example.

The present invention .yet further provides the use of a fatty-acid CoA independent
diglyceride:glycerol acyltransferase characterized as an enzyme which in an edible oil
can transfer an acyl group from a diglyceride to glycerol, in the manufacture of a
foodstuff, fbr reducing and/or removing (preferably selectively reducing and/or

removing) diglyceride from said foodstuff.

In a further aspect, the present invention yet further provides the use of a fatty-acid
CoA independent diglyceride:glycerol acyltransferase characterized as an enzyme
which in an edible oil can transfer an acy! group from a diglyceride to -glyéerol‘, in the
manufacture of a foodstuff, for improving the crystallization properties - of..the
foodstuff. ‘

In another aspect the present invention provides the use of a fatty-acid CoA
independent diglyceride:glycerol acyltransferase characterized as an enzyme which in
an edible oil can transfer an acyl group from a diglyceride to glycerol, in the
manufacture of an edible oil, for reducing and/or removing (preferably selectively

reducing and/or removing) diglyceride from said edible oil.

In another aspect the present invemtion provides the use of a.fatty-acid CoA
independent diglyceride:glycerol acyltransferase characterized as an enzyme which in
an edible oil can transfer an acyl group from a diglyceride to glycerol, in the

manufacture of an edible oil, for improving the crystallization properties of the edible

oil.
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DETAILED DISCLOSURE OF INVENTION

The terms “fatty—écid CoA indépendent lipid acyltransferase” and “fatty-acid CoA
independent diglyceride:glycerol acyltransferase” as used herein means an enzyme
which has acyltransferase activity (generally classified as E.C. 2.3.1.x in accordance
with the Enzyme Nomenclature Recommendations (1992) of the Nomenclature
Committee of the International Union of Biochemistry and Molecular Biology),
whereby the enzyme is capable of transferring an acyl group from a diglyceride to one

or more acceptor substrates).

Thus, the “fatty-acid CoA independent lipid acyltransferase” or “fatty-acid CoA
independent diglyceride:glycerol acyltransferase™ according to the present invention is
an enzyme which has acyltransferase activity (generally classified as E.C. 2.3.1.x), but
which is not a diacylglycerol acyltransferase (DGAT) or a phospholipid:diacylglycerol
acyltransferase (PDAT). DGATs are typically classified as E.C. 2.3.1.20.- PDATs are
typically classified as E.C. 2.3.1.158. Thus, the fatty-acid CoA independent lipid
acyltransferase or fatty-acid CoA independent diglyceride:glycerol acyltransferase -

accofding to the present invention is an enzyme which has acyltransferase activity, but

" which is not any enzyme classified as E.C. 2.3.1.20 or E.C. 2.3.1.158.

The fatty-acid CoA independent lipid acyltransferase enzyme or fatty-acid CoA
independent diglyceride:glycerol acyltransferase enzyme according to the present
invention is one which is capable in an edible oil of transferring an acyl group from

DAG to glycerol. Thus, the reaction catalysed by the enzyme according to the present

invention is:
Diglyceride (DAG) + glycerol — 2 monoglycerides (MAGs)
This contrasts sharply with enzymes known as diacylglycerol acyltransferases (or

diacylglycerol O-acyltransferase) (DGATs) (such enzymes are classified as E.C.
2.3.1.20) which catalyse the final step in the Kennedy process, namely:
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1,2-DAG + acyl CoA — CoA + triacylglycerol (TAG)

For the avoidance of doubt, DGATs are not fatty-acid CoA independent lipid
acyltransferases or fatty-acid CoA independent diglyceride:glycerol acyltransferases in

accordance with the present invention.

The reaction catalysed by the enzyme according to the present invention also contrasts
sharply with that catalysed by enzymes known as phospholipids:diacylglycerol
acyltransferase (PDAT), namely:

Phospholipids (such as lecithin) + 1,2-DAG — triacylglycerol (TAG) +
lysophospholipid

For the avoidance of doubt, PDATs are not fatty-acid CoA independent lipid
acyltransferases or fatty-acid CoA ipdependent diglycende:glycerol acyltransferases in

accordance with the present invention.

Preferably, the fatty-acid CoA independent lipid acyltransferase or fatty-acid CoA
independent diglyceride:glycerol écyltransferase according to the present invention is

an enzyme classified as E.C. 2.3.1.73.

Suitably, the fatty-acid CoA independent diglyceride:glycerol acyltransferase may be
membrane independent, i.e. may be a protein that is not, in its natural environment,

associated with a membrane by the presence of a membrane anchor or membrane

spanning domain.

For the avoidance of doubt, the fatty-acid CoA independent lipid acyltransferase
according to the present invention is not an enzyme taught in any one of

W003/100044, WO2000/36114, US2003/0028923 or US2003/0074695.

As well as having acyltransferase activity the enzyme may have lipase activity, e.g.

phospholipase activity, (generally classified as E.C. 3.1.1.x).
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The fatty-acid CoA independent lipid acyltransferase in accordance with the present
invention is a fatty-acid CoA independent diglyceride:glycerol acyltransferase. These

terms may be used interchahgeably herein.

Preferably the fatty-acid CoA independent diglyceride:glycerol acyltransferase
according to the present invention is an acyltransferase which comprises the amino

acid sequence motif GDSX, wherein X is one or more of the following amino acid

residues L, A, V,LF,Y,H,Q, T,N,MorS.

The term “diglyceride:glycerol acyltransferase™ as used herein is synonymous with the

term “fatty-acid CoA independent diglyceride:glycerol acyltransferase”.

For the avoidance of doubt, the term “fatty-acid CoA” is the same as the terms “Acyl-
CoA”, “fatty-acid enzyme CoA” and “Acyl-Co enzyme A”. These terms may be used

interchangeably herein.

The edible oil used in a process or use according to the present invention may be in the

form of a crude oil or may be a refined oil.

In one embodiment, preferably the amount of diglyceride is reduced rather than

completely removed.

The term “reduced” as used herein means that the amount of diglyceride in an edible
oil treated with the enzyme in accordance with the present invention is less than the

amount of diglyceride in the edible oil before enzyme treatment.
Preferably, diglycerides are not completely removed from the edible oil.
In some applications, such as the use of the treated oil in margarines and/or shortening,

the amount of diglycerides, particularly 1,2 diglycerides, should be reduced to a point
where the crystallisation speed of the fat blend produces small beta-crystals. The
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amount of 1,2-diglyceride to the amount of total diglyceride in the palm oil depends on
the age and storage conditions of the oil. For commercial oils the ratio of 1,3
diglyceride: 1,2 diglyceride is 1.8:3.3. The removal of 1,2 diglycerides will have the
most impact on the crystallisation properties.

As will be readily apparent to the skilled person the reduction in the amount of
diglyceride can be controlled by the reaction time and temperature of the reaction. In a

flow reactor with an immobilised enzyme the reaction may be controlled by the flow

rate.

Preferably, the lipid acyltransferase for use in the methods and/or uses of the present
invention is capable of transferring an acyl group from a diglyceride to an acyl

acceptor, wherein the acyl acceptor is any compound comprising a hydroxy group (- -

OH).

Suitably, the term “diglyceride” as used herein means one or more of 1,2-diglyceride

or 1,3-diglyceride. Preferably, the diglyceride is a 1,2-diglyceride. -
The terms “diglyceride” and “diacylglycerol” are used herein interchangeably.

The term “diglyceride” does not encompass digalactosyldiglyceride (DGDG) and/or
lecithin, e.g. phosphatidylcholine.

Preferably the acyl acceptor is one which is soluble in an edible oil.

Suitably, the acyl acceptor may be an alcohol such as for example ethanol or
polyvalent alcohols, including glycerol and mixtures and derivatives thereof.
Suitably, the acyl acceptor may be one or more of a sterol, a stanol, a hydroxy acid,

sorbitol, sorbitan or other carbohydrate.

In one preferred embodiment the acyl acceptor is glycerol.
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- Thus, in one embodiment the present invention provides a method of reducing and/or

removing diglyceride from an edible oil, comprising a) admixing an edible oil with
both glycerol and a fatty-acid CoA independent diglyceride:glycerol acyltransferase,
wherein the fatty-acid CoA independent diglyceride:glycerbl acyltransferase is
characterized as an enzyme which possesses acyl transferase activity and which
comprisesAthe amino acid sequence motif GDSX, wherein X is one or more of the

following amino acid residues L, A, V,LF, Y, H, Q, T, N,Mor S.
Preferably, the acyl acceptor according to the present invention is not water.
Preferably the acyl acceptor is not a monoglyceride and/or a diglyceride.

Preferably, the fatty-acid CoA independent lipid acyltransferase according to the
present invention is capable of cleaving the acyl bond between a fatty acid residue(s)
and a glycerol backbone of a lipid substrate; wherein preferably the lipid substrate is a
diglyceride, preferably 1,2-diglyceride.

Preferably, the fatty-acid CoA independent lipid acyltransferase according to the
present invention does not act on triglycerides and/or monoglycerides. In other words,
preferably the fatty-acid CoA independent lipid acyltransferase is selective for
diglycerides, preferably selective for 1,2-diglycerides. This lipid substrate may be

referred to herein as the “lipid acyl donor™.

Thus in accordance with the present invention, one or more of the following
advantageous properties can be achieved: reduction in diglyceride content of an edible
oil; a reduction in the diglyceride content of an edible oil without a-reduction in the
triglyceride content of the edible oil; a reduction in the diglyceride content of the
edible oil without an increase in the monoglyceride content; a reduction in the
diglyceride content of the edible oil with an increase in the monoglyceride content; a
reduction of diglyceride and a reduction in monoglyceride content of an edible oil; a
reduction in the diglyceride content of the edible oil without a significant increase in

the fatty acid content in the edible oil.
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Preferably, the fatty-acid CoA independent lipid acyltransferase in accordance with the
present invention performs an alcoholysis reaction (preferably glycerolysis) by
transferring a fatty acid acyl group from the diglyceride (preferably the 1,2-DAG) to
an alcohol (preferably glycerol) thereby producing two monoglyceride molecules, i.e.
one from the diglyceride and one from the glycerol together with the accepted acyl

group.

Preferably, X of the GDSX motif is L. Thus, preferably the enzyme according to the

present invention comprises the amino acid sequence motif GSDL..

The GDSX motif is comprised of four conserved amino acids. Preferably, the serine
within the motifis a catalytic serine of ihe lipid acyltransferase enzyme. Suitably, the
serine of the GDSX motif may be in a position corresponding to Ser-16 in Aeromonas
hym'ophila lipolytic: enzyme. taught in' Brumlik & Buckley (Journal of Bacteriology
Apr. 1996, Vol. 178, No. 7, P 2060-2064). .

To determine if a protein has the GDSX motif according to the present invention, the
sequence is preferably compared with the hidden markov model profiles (HMM
profiles) of the pfam database.

Pfam is a database of protein domain families. Pfam contains curated multiple
sequence alignments for each family as well as profile hidden Markov models (profile
HMMs) for identifying these domains in new sequences. An int;oducﬁon to Pfam can
be found in Bateman A ef al (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov
models are used in a number-of databases that aim at classifying proteins, for review
see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245.

I_lgp://www.ncbi.nlm.nih.gov/entrez/querv.fcgi?cmd=Reln’eve&db=PubMed&h'st uids
=12230032&dopt=Abstract
http://www.ncbi.nlm.m'h.gov/entrez/querv.Mcmd=Relrieve&db=PubMed&h'st uids
=11752314&dopt=Abstract
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For a detailed explanation of hidden Markov models and how they are applied in the
Pfam database see Durbin R, Eddy S, and Krogh A (1998) Biological sequence
analysis; probabilistic models of proteins and nucleic acids. Cambridge University
Press, ISBN 0-521-62041-4. The Hammer software package can be obtained from
Washington University, St Louis, USA.

Alternatively, the GDSX motif can be identified using the Hammer software package,
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological
sequence analysis; probabilisﬁc models of proteins and nucleic acids. Cambridge
University Press, ISBN 0-521-62041-4 and the references therein, and the HMMER2
profile provided within this specification.

The PFAM database can be accessed, for example, through several servers which are
currently located at the following websites.
http://www.sanger.ac.uk/Software/Pfam/index.shtml

http://pfam . wustl edw/

http://pfam jouy.inra.fr/

http://pfam.cgb.ki.se/

The database offers a search facility where one can enter a protein sequence. Using the
default parameters of the database the protein sequence will then be analysed for the
presence of Pfam domains. The GDSX domain is an established domain in the
database and as such its presence in any query sequence will be recognised . The

database will return the alignment of the Pfam00657 consensus sequence to the query

“sequence -

A multiple alignment, including Aeromonas salmonicida or Aeromonas hydrophila
can be obtained by:

a) manual
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obtain an alignment of the protein of interest with the Pfam00657 consensus
sequence and obtain an alignment of P10480 with the Pfam00657 consensus

séquence following the procedure described above;

or

b) through the database
After identification of the Pfam00657 consensus sequence the database offers
the option to show an alignment of the query sequence to the seed alignment of
the Pfam00657 consensus sequence. P10480 is part of this seed alignment and
is indicated by GCAT _AERHY. Both the query sequence and P10480 will be

displayed in the same window.

The Aeromonas hydrophila reference sequence:

The residues of deromonas hydrophila GDSX lipase are numbered in the NCBI file
P10480, the numbers in this text refer to the numbers given in that file which in the
present invention is used to determine specific amino acids re:sidueS which, in a
preferred embodiment are present in the lipid acyltransferase enzymes of the

invention.

The Pfam alignment was performed (Ficure 33 and 34):

The following conserved residues can be recognised and in a preferable embodiment

may be present in the enzymes for use in the compositions and methods of the

invention;

Block 1 - GDSX block
hid hid hid hid Gly Asp Ser hid
28 29 30 31 32 33 34 35

Block 2 - GANDY block
hid Gly hid Asn Asp hid
130 131 132 133 134 135
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Block 3 - HPT block
His
309

Where 'hid' means a hydrophobic residue selected from Met, Ile, Leu, Val, Ala, Gly,
Cys, His, Lys, Tip, Tyr, Phe.

Preferably the lipid acyltransferase enzyme for use in the compositions/methods of the

invention can be aligned using the Pfam00657 consensus sequence.

Preferably, a positive match with the hidden markov model profile (HMM profile) of
the pfam00657 domain family indicates the presence of the GDSL or GDSX domain

according to the present invention.

Preferably when aligned with the Pfam00657 consensus sequence the lipid
acyltransferase for use in the compositions/methods of the invention have at least one,
preferably more than one, preferably more than two, of the following, a GDSx block, a
GANDY block, a HPT block. Suitably, the lipid acyltransferase may have a GDSx '
block and a GANDY block. Alternatively, the enzyme may have.a GDSx block and a
HPT block. Preferably the enzyme comprises at least a GDSx block.

Preferably, when aligned with the Pfam00657 consensus sequence the enzyme for use
in the compositions/methods of the invention have at least one, preferably more than
one, preferably more than two, preferably more than three, preferably more than four,
preferably more than five, preferably more than six, preferably more than seven,
préferably more than eight, preferably more than nine, preferably more than ten,
preferably more than eleven, preferably more than twelve, preferably more than
thirteen, preferably more than fourteen, of the following amino acid residues when
compared to the reference 4.hydrophilia polypeptide sequence, namely SEQ ID No.
32: 28hid, 29hid, 30hid, 31hid, 32gly, 33Asp, 34Ser, 35hid, 130hid, 131Gly, 132Hid,
133Asn, 134Asp, 135hid, 309His
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The pfam00657 GDSX domain is a unique identifier which distinguishes proteins

possessing this domain from other enzymes.

The pfam00657 consensus sequence is presented in Figure 1 as SEQ ID No. 1. This is
derived from the identification of the pfam family 00657, database version 6, which
may also be referred to as pfam00657.6 herein.

The consensus sequence may be updated by using further releases of the pfam

database.

For example, Figures 33 and 34 show the pfam alignment of family 00657, from
database version 11, which may also be referred to as pfam00657.11 herein.

The presence of the GDSx, GANDY and HPT blocks are found in the pfam family
00657 from both releases of the database. Future releases of the pfam database can be
used to identify the pfam family 00657.

Preferably, the fatty-acid CoA independent lipid acyltransferase enzyme according to
the present invention may be characterised using the following criteria:
6)) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to acyl acceptor to form a new ester;
(i) the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues L, A, V, L F, Y,
H,QT,N,MorS.;
(iii)© the enzyme comprises His-309 or comprises a histidine residue at a
position corresponding to His-309 in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2 or SEQ ID No. 32).

Preferably, the amino acid residue of the GDSX motif is L.
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In SEQ ID No. 2 or SEQ ID No. 32 the first 18 amino acid residues form a signal
sequence. His-309 of the full length sequence, that is the protein including the signal
sequence, equates to His-291 of the mature part of the protein, i.e. the sequence

without the signal sequence.

Preferably, the fatty-acid CoA independent lipid acyltransferase enzyme according to
the present invention comprises the following catalytic triad: Ser-34, Asp-134 and His-
309 or comprises a serine residue, an aspartic acid residue and a histidine residue,
respectively, at positions corresponding to Ser-34, Asp-134 and His-309 in the
Aeromonas hydrophila lipolytic enzyme shown in Figure 2 (SEQ ID No. 2) or Figure
28 (SEQ ID No. 32). As stated above, in the sequence shoWn in SEQ ID No. 2 or SEQ
ID No. 32 the first 18 amino acid residues form a signal sequence. Ser-34, Asp-134
and ﬁis-309 of the full length sequence, that is the protein including the signal
sequence, equate to Ser-16, Asp-116 and His-291 of the mature part of the protein, i.e.
the sequence without the signal sequence. In the pfam00657 consensus sequence, as

given in Figure.1 (SEQ ID No. 1) the active site residues correspohd to Ser-7, Asp-157
and His-348. '

Preferably, the fatty-acid CoA independent lipid acyltransferase enzyme according to
the present invention may be characterised using the following criteria:
Q@) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a first lipid acyl donor is transferred to an acyl acceptor to form a new
ester; and
(i) the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and
- His-309 or comprises glycine, aspartic acid, serine; aspartic- acid and
histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,
Asp-134 and His-309, respectively, in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2) or Figure 28 (SEQ
ID No. 32).
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Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention may be obtainable, preferably obtained, from organisms from one or
more of the following genera:  Aderomonas, Streptomyces, Saccharomyces,

Lactococcus, Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium,

Bacillus, Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus,

Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia, Xanthomonas

and Candida.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention may be obtainable, preferably obtained, from one or more of the
following organisms: Aeromonas hydrophila, Aeromonas salmonicida, Streptomyces
coelicolor, Streptomyces rimosus, Mycobacterium, Streptococcus pyogenes,
Lactococcus  lactis,  Streptococcus  pyogenes,  Streptococcus  thermophilus,
Lactobacillus  helveticus,  Desulfitobacterium  dehalogenans,  Bacillus sp,
Campylobacter jejuni, Vibrionaceae, Xylella fastidiosa, Sulfolobus - solfataricus,
Saccharomyces cerevisiae, Aspergillus terreus, Schizosaccharomyées‘pombe,': Listeria
innocua, Listeria monocytogenes, Neisseria meningitidis, Mesorhizobium loti,

Ralstonia solanacearum, Xanthomonas campestris, Xanthomonas axonopodis and

Candida parapsilosis.

In one aspect, preferably the fatty-acid CoA independent lipid acyltransferase enzyme
according to the present invention is obtainable, preferably obtained, from one or more

of Aeromonas hydrophila or Aeromonas salmonicida.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention comprises one-or more of the following amino acid sequences:

)] the amino acid sequence shown as SEQ ID No. 2 (see Figure 2)

(i)  the amino acid sequence shown as SEQ ID No. 3 (see Figure 3)

(iti)  the amino acid sequence shown as SEQ ID No. 4 (see Figure 4)

(iv)  the amino acid sequence shown as SEQ ID No. 5 (see Figure 5)

(v)  the amino acid sequence shown as SEQ ID No. 6 (see Figure 6)

(vi) the amino acid sequence shown as SEQ ID No. 12 (see Figure 14)
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(ix)
69)
(xi)
(xii)
(xiii)
(xiv)
(xv)
(xvi)
(xvii)

(xviii)

20

the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
" the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequénceshown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.
the amino acid sequence shown as SEQ ID No.

the amino acid sequence shown as SEQ ID No.

PCT/IB2004/004374

20 (Figure 16)
22 (Figure 18)
24 (Figure 20)
26 (Figure 22)
28 (Figure 24)
30 (Figure 26)
32 (Figure 28)
34 (Figure 30)
55 (Figure 52)
58

60

61

63

65

67

70 or

i) an amino acid sequence which has 75% or more identity with any one of the

sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No.
5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ.ID
No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, SEQ
ID No. 34, SEQ ID No. 55, SEQ ID No. 58, SEQ ID No. 60, SEQ ID No. 61,
SEQ ID No. 63, SEQ ID No. 65, SEQ ID No. 67 or SEQ ID No. 70.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the

present invention comprises either the amino acid sequence shown as SEQ ID No. 2 or

‘as SEQ ID No. 3 or SEQ ID No. 32 or SEQ ID No. 34 or comprises an amino acid

sequence which has 75% or more, preferably 80% or more, preferably 85% or more,

preferably 90% or more, preferably 95% or more, identity with the amino acid

sequence shown as SEQ ID No. 2 or the amino acid sequence shown as SEQ ID No. 3

or the amino acid sequence shown as SEQ ID No. 32 or the amino acid sequence

shown as SEQ ID No. 34.
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For the purposes of the present invention, the degree of identity is based on the number
of sequence elements which are the same. The degree of identity in accordance with
the present invention may be suitably determined by means of computer programs
known in the art, such as GAP provided in the GCG program package (Program
Manual for the Wisconsin Package, Version 8, August 1994, Genetics Computer
Group, 575 Science Drive, Madison, Wisconsin, US53711) (Needleman & Wunsch
(1970), J. of -Molecular Biology 48, 443-45) using the following settings for
polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension

penalty of 0.1.

Suitably the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention comprises an amino acid sequence which has 80% or more,
preferably 85% or more, more preferably 90% or more and even more preferably 95%
or more identity with any one of the sequences shown as SEQ ID No. 2, SEQ ID No.
3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 20, SEQ
ID No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID
No. 32, SEQ ID No. 34, SEQ ID No. 55, SEQ ID No. 58, SEQ ID No. 60, SEQ ID
No. 61, SEQ ID No. 63, SEQ ID No..65, SEQ ID No. 67 or SEQ ID No. 70.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention comprises one or more of the following amino acid sequences:
(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ ID No. 2 or

SEQ ID No. 32;
(b) an amino acid sequence shown as amino acids residues 101-200 of SEQ ID No. 2

or SEQ ID No. 32;

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 2 or
SEQ ID No. 32; or

(d) an aminb acid sequence which has 75% or more, preferably 85% or more, more
preferably 90% or more, even more preferably 95% or more identity to any one of

the amino acid sequences defined in (a)-(c) above.
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Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention comprises one or more of the following amino acid sequences:
(a) an amino acid sequence shown as amino acid residues 28-39 of SEQ ID No. 2 or

SEQ ID No. 32;
(b) an amino acid sequence shown as amino acids residues 77-88 of SEQ ID No. 2 or’

SEQ ID No. 32;
(c) an amino acid sequence shown as amino acid residues 126-136 of SEQ ID No. 2 or

SEQ ID No. 32;

(d) an amino acid sequence shown as amino acid residues 163-175 of SEQ ID No. 2 or
SEQ ID No. 32;

(e) an amino acid sequence shown as amino acid residues 304-311 of SEQ ID No. 2 or
SEQ ID No. 32; or

(f an amino acid sequence which has 75% or more, preferably 85% or more, more
preferably 90% or more, even more preferably 95% or more identity to any one of

the amino acid sequences defined in (a)-(e) above.

Suitably, the fatty-acid CoA independent lipid acyltransferase enzyme according to the
present invention may comprise an amino acid sequence produced by the expression or
one or more of the following nucleotide sequences:

(a) the nucleotide sequence shown as SEQ ID No. 7 (see Figure 9);

(b) the nucleotide sequence shown as SEQ ID No. 8 (see Figure 10);

(c) the nucleotide sequence shown as SEQ ID No. 9 (see Figure 11);

(d) the nucleotide sequence shown as SEQ ID No. 10 (see Figure 12);

(e) the nucleotide sequence shown as SEQ ID No. 11 (see Figure 13);

(f) the nucleotide sequence shown as SEQ ID No. 13 (see Figure 15);

(g) the nucleotide sequence shown as SEQ ID No. 21 (see Figure 17);

(h) the nucleotide sequence shown as SEQ ID No. 23 (see Figure 19);

(i) the nucleotide sequence shown as SEQ ID No. 25 (see Figure 21);

() the nucleotide sequence shown as SEQ ID No. 27 (see Figure 23);

(k) the nucleotide sequence shown as SEQ ID No. 29 (see Figure 25);

(D the nucleotide sequence shown as SEQ ID No. 31 (see Figure 27);

(m)the nucleotide sequence shown as SEQ ID No. 33 (see Figure 29);
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(n) the nucleotide sequence shown as SEQ ID No. 35 (see Figure 31);

(0) the nucleotide sequence shown as SEQ ID No. 54 (Figure 51);

(p) the nucleotide sequence shown as SEQ ID No. 59;

(q) the nucleotide sequence shown as SEQ ID No. 62;

(r) the nucleotide sequence shown as SEQ ID No. 64;

(s) the nucleotide sequence shown as SEQ ID No. 66;

(t) the nucleotide sequence shown as SEQ ID No. 68

(u) the nucleotide sequence shown as SEQ ID No. 69 or }

(v) a nucleotide sequence which has 75% or more identity with any" one of the
sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10,
SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33, SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No.

66, SEQ ID No. 68 or SEQ ID No. 69.

Suitably the nucleotide sequence may have 80% or more, preferably 85% or more; -
more preferably 90% or more and even more preferably 95% or more identity with-any
one of the sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
Nd. 10, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33 or SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No. 66,
SEQ ID No. 68 or SEQ ID No. 69.

In one aspect, the fatty-acid CoA independent lipid acyltransferase according to the
present invention may be a lecithin:cholesterol acyltransferases (LCAT) or variant

thereof (for example a variant made by -molecular evolution)

Suitable LCATSs are known in the art and may be obtainable from one or more of the

following organisms for example: mammals, rat, mice, chickens, Drosophila
melanogaster, plants, including Arabidopsis and Oryza sativa, nematodes, fungi and

yeast.
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In one embodiment the fatty-acid CoA independent lipid acyltransferase enzyme
according to the present invention may be the lipid acyltransferase obtainable,
preferably obtained, from the E. coli strains TOP 10 harbouring pPet!2aAhydro and
pPetl2aASalmo deposited by Danisco A/S of Langebrogade 1, DK-1001 Copenhagen
K, Denmark under the Budapest Treaty on the International Recognition of the Deposit
of Microorganisms for the purposes of Patent Procedure at the National Collection of
Industrial, Marine and Food Bacteria (NCIMB) 23 St. Machar Street, Aberdeen
Scotland, GB on 22 December 2003 under accession numbers NICMB 41204 and

NCIMB 41205, respectively. -

Preferably, when carrying out 2 method according to the present invention the product

is produced without increasing or substantially increasing the free fatty acids in the

foodstuff.

The term “transferase” as used herein is interchangeable with the term “lipid

acyltransferase”.

Suitably, the fatty-acid CoA independent lipid acyltransferase as defined herein
catalyses one or more of the following reactions: interesterification,

transesterification, alcoholysis, hydrolysis.

The term “interesterification” refers to the enzymatic catalysed transfer of acyl groups

between a lipid donor and lipid acceptor, wherein the lipid donor is not a free acyl

group.

The term “transesterification” as used herein means the enzymatic catalysed transfer of
an acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other

than water).

As used herein, the term “alcoholysis™ refers to the enzymatic cleavage of a covalent

bond of an acid derivative by reaction with an alcohol ROH so that one of the products
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combines with the H of the alcohol and the other product combines with the OR group
of the alcohol.

As used herein, the term “alcohol” refers to an alkyl compound containing a hydroxyl

group.

As used herein, the term “hydrolysis” réfers to the enzymatic catalysed transfer of an
acyl group from a lipid to the OH group of a water molecule. Acyl transfer which
results from hydrolysis requires the separation of the water molecule.

The term “without increasing or without substantially increasing the free fatty acids”
as used herein means that preferably the lipid acyl transferase according to the present -
invention has 100% transferase activity (i.e. transfe;s 100% of the acy! groups from an
acyl donor onto the acyl acceptor, with no hydrolytic activity) in an edible oil
environment; however, the enzyme may transfer less than 100% of the acyl groups

_present in the lipid acyl donor to the acyl acceptor. In which case, preferably the

acyltransferase activity accounts for at least 30%, more preferably at least 40%, more
preferably at least 50%, more preferably at ieast 70%, more preferably at least 80%,
more preferably at least 90% and more preferably at least 98% of the total enzyme
activity. The % u'ansi;erase activity (i.e. the transferase activity as a percentage of the
total enzymatic activity) may be determined by the following protocol:

Protocol for the determination of % acyltransferase activity:

An edible oil to which a fatty-acid CoA independent lipid acyltransferase according to
the present invention has been added may be extracted following the enzymatic
reaction with CHCl;:CH;0H 2:1' and thé organic phase containing the lipid material is
isolated and analysed by GLC according to the procedure detailed herein below. From
the GLC analyses the amount of free fatty acids and diglycerides are determined. A
control edible oil to which no enzyme according to the present invention has been

added, is analysed in the same way.
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Calculation:
From the résults of the GLC analyses the increase in free fatty acids and the decrease

"in diglycerides can be calculated:

A % fatty acid = % Fatty acid(enzyme) - % fatty acid(control);

Mv Fa = average molecular weight of the fatty acids;

A % diglyceride = % Diglyceride(control) - % Diglyceride(enzyme);

Mv Di= average molecular weight of diglyceride;

The transferase activity is calculated as a percentage of the total enzymatic activity:

% transferase activity = ((A % Di/(Mv Di) - A % Fa/(Mv FA)) x 100
A % Di/(Mv Di) - A % Fa/(Mv Fa) +A % Fa/(Mv Fa)

% transferase activity = = ((A % Di/(Mv Di) - A % Fa/(Mv FA)) x 100
A % Di/(Mv Di)

If the free fatty acids are increased in the edible oil they are preferably not increased
substantially, i.e. to a significant degree. By this we mean, that the increase in free
fatty acid does not adversely affect the quality of the edible oil.

In some aspects of the present invention, the term “without substantially increasing
free fatty acids™ as used herein means that the amount of free fatty acid in an edible oil
treated with an lipid acyltransferase according to the present invention is less than the
amount of free faity acid produced in an edible oil or composition when an enzyme
other than a lipid acyltransferase according to the present invention had been used,
such as for example as compared with the amount of free fatty acid produced when a
conventional lipase e.g. Pseudomonas cepacia lipase (Lipase PS, Amano Japan) or

Rhizopus oryzae lipase (LipaseF, Amano Japan).

Suitably, any glycerol remaining in the edible oil after the reaction has taken place

may be removed, e.g. by centrifugation or vacuum distillation.
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Optionally, the enzyme may be removed from the edible oil after the enzymatic
reaction has taken place. Altemnatively, the enzyme may simply be deactivated and left
in the edible oil. Suitably, the enzyme may be deactivated by heating for example.

In one embodiment the fatty-acid CoA independent lipid acyltransferase for use in the
methods of the present invention may be immobilised. When it is the case that the
enzyme is immobilised an admixture comprising an acyl acceptor and the edible oil
may be passed through a column for example comprising the immobilised enzyme.

By immobilising the enzyme it is possible to easily reuse it.

Suitably the immobilised enzyme may be used in a flow reactor or in a batch reactor
containing a reaction mixture which comprises an acyl acceptor and an edible oil as a
two-phase system. The reaction mixture may be optionally stirred or sonicated. Once
the reaction has reached equilibrium for example, the reaction mixture and the
immobilised enzyme may be separated. Suitably, excess acyl acceptor (such as excess

glycerol) may be removed after the reaction, e.g. by centrifugation or vacuum

distillation.

Immobilised lipid acyltransferase can be prepared using immobilisation techniques
known in the art. There are numerous metbods of preparing immobilised enzymes,
which will be apparent to a person skilled in the art (for example the techniques
referred to in EP 0 746 608; or Balcao V.M., Paiva A.L., Malcata F.X., Enzyme
Microb Technol. 1996 May 1;18(6):392-416; or Retz M.T., Jaeger K.E. Chem Phys
Lipids. 1998 Jun;93(1-2):3-14; Bomnscheuer U.T., Bessler C, Srinivas R, Krishna S.H.
Trends Biotechnol. 2002 Oct; 20(10):433-7; Plou et al, J. Biotechnology 92 (2002) 55-
66; Warmuth et al.,; 1992. Bio Forum 9, 282-283; Ferrer et al., 2000. J. Chem:. Technol.
Biotechnol. 75, 1-8; or Christensen et al., 1998. Nachwachsende Rohstoff 10, 98-105;
Petersen and Christenen, 2000, Applied Biocatalysis. Harwood Academic Publishers,
Amsterdam. (each of which is incorporated herein by reference). Techniques which
may be used herein include covalent coupling to Eupergit C, adsorption on

polypropylene and silica-granulation for example.
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Preferably, the edible oil is any edible oil containing a diglyceride, preferably a

significant amount of diglyceride.

Preferably, the edible oil is one or more of the following oils: oils extracted from or
derived from palm oil, palm olein, palm stearin, palm mid fraction or any palm oil

fraction or olive oil.
More preferably, the edible oil is palm oil and/or palm olein and/or palm stearin.

With regard to the admixing of the edible oil, the acyl acceptor substrate and the lipid
acyltransferase, as a person skilled in the art would readily appreciate this can be done
in any combination and/or order. By way of example only, the acyl acceptor substrate
may be admixed with the edible oil followed by addition of the lipid acyltransferase.
Alternatively, the edible oil may be aamixed with the lipid acyltransferase followed by
addition of the acyl acceptor substrate. Alternatively, the lipid acyltransferase and acyl
acceptor substrate may be admixed followed by admixing of the anyme/substrate
mixture with the edible oil. Alternatively, of course, all three substances (namely the
edible oil, the acyl acceptor substrate and the lipid acyltransferase) may be admixed

simultaneously.

Preferably the method is carried out at a temperature above the melting point of the
edible oil.

Suitably the method may be carried out at a temperature of between 30-50°C,
preferably between 35-45°C, preferably between 40-45°C.

Preferably, the enzyme is added to crude or refined edible oil. Preferably the present
invention does not encompass the enzyme treatment of an edible oil when admixed
with water containing constituents. Thus, the present invention envisages the

treatment of an edible oil per se, i.e. in a low water environment.
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Although water may be added to the oil prior or during the method of the present
invention, in a most preferable embodiment no water is added. If water is present in
the edible oil, preferably there is less than 10% water present, more preferably less
than 7.5%, less than 5%, less than 1%, less than 0.5%, less than 0.4%, less than 0.3%,
less than 0.2% or less than 0.1% water present. Suitably, between 0.1. and 1% water

may be present in the edible oil.

In one embodiment the edible oil used in a process according to the present invention
may be supplemented with one or more acyl donors and/or may be supplemented with
one or more acyl acceptors and/or may be supplemented with both one or more acyl
acceptors and one or more acyl donors. By “supplemented with” means that either the
acyl donor and/or the aéyl acceptor is not naturally present in the edible oil and is
added at the same time, immediately after and/or immediately before bringing the

edible into contact with the lipid acyltransferase in accordance with the present

invention.

Suitably, the supplementary acyl donor may be other than a DAG. Suitably the
supplemental acyl donor may be for example a phospholipid (e.g. lecithin).

Suitably, the supplementary acyl acceptor may be glycerol. Suitably, however it may
be an acyl acceptor other than glycerol, for example a plant sterol and/or plant stanol
for instance. Suitably, the supplementary acyl acceptor may be a combination of

glycerol and one or more further acyl acceptors.

The use of an oil supplemented with a phospholipid allows for an additional emulsifier
(lyso-phospholipid) to be produced in the oil. The use of an oil supplemented with a
plant sterol and/or plant stanol allows for a plant sterol ester and/or a plant stanol ester
to be produced in the edible both. Both plant sterol esters and plant stanol esters have

been reported to have blood serum cholesterol reducing effects when incorporated into

the diet.
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Enzymatic interesterification using immobilised lipases, such as Lipozyme® TL IM, a
1,3 specific lipase (Novozymes, Denmark), is used to reduce the amount of trans fatty
acids in oils for dietary use and/or for modifying the melting characteristics of edible

oils and fats.

During interesterification, lone or two of the polyunsaturated fatty acids in the
triglycerides of the food oil can be replaced with a fatty acid from another oil low in
trans fatty acids, such as palmroil. This transfer of fatty acids from palm oil allows the
modification of the melting point of the food oil without introduction of the trans fatty
acids. The immobilisation of lipases is described in US5776741, US4798793 and
US5156963. US6284501 describes the interesterification of phospholipids.

An immobilised transferase can be produced using the same technology as used for

lipases.

In one embodiment, the fatty-acid CoA independent lipid acyl transferase as described
herein can be used in combination with a interesterification lipase. The lipase

interesterification and the acyl transferase steps are preferably carried out separately.

In a further aspect, the fatty-acid CoA independent lipid acyl transferase as described

herein can be used in combination with conventional crystallisation inhibitors.

In a further aspect, the present invention provides a method of improving the
crystallization properties in a foodstuff comprising an edible oil, comprising admixing
an edible oil with an acyl acceptor substrate and a fatty-acid CoA independent
diglyceride:glycerol acyltransferase as described herein and optionally a further

crystallization inhibitor.

In one embodiment the present invention provides a fatty-acid CoA . independent
diglyceride:glycerol acyltransferase in the preparation of a foodstuff comprising an
edible oil for improving the crystallization properties of the foodstuff,
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Suitably one or more further crystallization inhibitors may optionally be added.

The present invention yet further provides the use of a fatty-acid CoA independent
diglyceride:glycerol acyltransferase as described herein in the manufacture of a

foodstuff comprising an edible oil for improving the crystallization properties of said

foodstuff.

In another aspect, the present invention provides the use of a fatty-acid CoA
independent ‘diglyéeride:glycerol acyltransferase as described herein in combination
with a further crystallization inhibitor in the manufacture of a foodstuff comprising an
edible oil for improving the crystallization properties of said foodstuff.

The further crystallization inhibitor may be any conventional crystallization inhibitor
such as one or more of sorbitan tristearates, lecithins, PGE or polysorbates for

example..
ADVANTAGES

In the present invention by use of the method taught herein, and in particular by
selection of the enzymes taught herein for use in the claimed method, for removing or
reducing diglyceride from or in an edible oil, a selective reduction in diglyceride over
mono- and di-glyceride can be effected, without a decrease in triglycerides and/or a

significant increase in free fatty acids (FFAs).

The fact that the present inventive method can.be carried out without substantially

increasing free fatty acid content of the edible oil overcomes the problem of loss of

product.

If a crude palm oil is treated with a conventional lipase it is necessary to remove the
free fatty acid during the oil refining, but if a refined palm oil is treated with the lipid

acyltransferase according to the present invention (thus negating the need to treat the
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crude palm oil with a conventional lipase) it is not necessary to remove the fatty acids

because the content of free fatty acid does not increase substantially.

In addition or alternatively, the present invention results in the removal and/or
reduction of diglycerides from or in an edible oil, with no significant decrease in

monoglyceride levels.

In addition or alternatively, the present invention results in the removal and/or
reduction of diglycerides from or in an edible oil, whilst increasing monoglyceride
levels in the edible oil. ‘This contrasts prior.art enzymes which utilise monoglyceride

as a substrate and therefore reduce the amount of mopoglycen'de in the edible oil.

The present invention is advantageous as it does not require the addition of fatty acid
CoA. This contrasts sharply- with the acyl CoA dependent DGATs. Rather the
enzyme according to the present invention relies on the presence (and addition if

necessary) of glycerol — which is cheap commodity.

COMMERCIAL RELEVANCE OF REMOVING/REDUCING DIGLYCERIDE IN
PALM OIL '

Diglycerides retard the crystallisation in palm based margarines and shortenings

For many years, we have seen a steady increase in the growth of palm oil
consumption, partially because of localised availability, partially because of
economics, and primarily because of performance. Presence of Palm oil in Margarine /
shortening type products is found to enhance the B’ quality of an oil blend. However,
the use of palm oil was previously restricted to the use of palm stearine, and palm
olein, with some use of palm kemels and its fractions. Today, this is more diverse,

because of confectionery and food processors wanting very specific melting profiles.

With customers trying to increase the use of palm oil in formulations, the industry is

seeing more crystallization issues than ever before. Where it is necessary to add “pro-
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crystal” promoters to initiate crystallization in low trans or no-trans formulations
thereby preventing or delaying post crystal formation before point of use. Also
increased interest in anti-crystallisers, such as Sorbitan Tristearates, lecithins, PGE,

Polysorbates, which will slow, delay post-crystal growth has been seen. This is a
symptom of high diglyceride presence.

The commercial benefits of the present invention may be one or more of the following:
a) reduces the -r'xeed to add additional monoglyceride to the edible oil during processing
and/or later during use. Monoglyceride is a widely used emulsifier in food systems.

b) decreases in diglyceride from about 6 - 8% to about 4-5%, and even more.

c) increases the flexibility on plant (factory) capacity - hence reduction in production
overheads.

d) allows for major decreases in post-crystallisation issues.

e) in some formulations, it would be possible to remove some fully saturated oil

- triglycerides, because we reduce the need for crystal promotion. In this regard

manufacturers conventionally add fully saturated triglycerides to formulations in order
to “promote” crystal formation and overcome undesirable delayed crystal formation in
the product post-sale. Such crystal formaﬁon is a symptom of having a significant
amount of palm oil or its components in a formulation, which would contain

concentrations of diglycerides sufficient to delay crystal growth to the desired crystal

. type (i.e. preferably beta-prime in the case of margarines and shortenings) during

manufacture. However, by use of palm oil treated in accordance with the present
invention, the diglyceride content is sufficiently reduced within a given blend.or
formulation so that the need for additional fully saturated triglyceride addition to aid
crystal development becomes less important.

f) allows greater diversification towards palm based blends, with increased liquid oil
costs, and without major process changes.

g) allows for replacement of anti-crystallisers and/or partial replacement of anti-

crystallisers.
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B Trans fatty acid

Today, we see legislation and public opinjon against the use of trans acids in food
products (Fﬁdevaréministeﬁet, Denmark 2003). So, this has led to performance
problems. Manufacturers where possible may wish to switch to palm based solutions
because of the high levels of C:16:0 and C:18:0 isomers found within this oil type. The
result is that we are beginning to see increased consumption of palm in economies that

previously did not use palm.
C Crystallisation inhibition of diglycerides in confectionery products

Cocoa Butter Equivalents (CBEs) are formulated from speciality fats such as
fractionated palm oil, in particulér palm mid fractions (PMF), fractionated shea fat as

well as many other exotic fats. For cost reasons it is favourable to include as much as

possible PMF in the CBE. In fact many CBEs may only contain palm fractions.. The
most delicate aspect of chocolate .manufacture is the crystallisation: of . the. fat.

Diglycerides will have a negative impact on the crystallisation, - for example

demoulding can be a serious problem (Siew, 2001).

D Crystal quality

Triglyceride quality greatly affects performance, and this is evident, from examples of
a typical trans acid containing oil formula for standard 82% fat table margarine,
against trans free version containing a typical interesterified palm stearine fraction and
palm kernel as hard stock, both having similar SFC profile. Reduced speed and quality
of crystallization. can result in a symptom known as “oiling out.” In turn-this calls for
the need of crystal promoters, such as hard MAGs. Further, delay in crystal stabilized
crystal formation leads to symptom known as “sandiness” whereby transformation of
desired crystal type eventually reverts to the more stable Beta form, and so gives sandy
texture. This symptom is particular problem for Industrial type products.
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SOME USES

Fat Modification

During the chemical production of fats for use in high fat solid food products such as
margarines, spreads, confectionery/chocolates, trans fatty acids are introduced into the
food oil during a process of hydrogenation (hardening). This allows for the
modification of the melting temperatur—e of the food oil to ensure a suitable consistency‘
of the final food product, e.g. a table margarine, which is solid but spreadable at room

temperature, or a chocolate which is solid during storage, but melts in the mouth.

However, chemical production uses large quantities of solvents such as hexane which
are considered hazardous to the environment and health and requires complete removal

of the solvent prior to use of the modified oil/fat as a food ingredient.

In many countries the use of partial hydrogenation for food.production is:being limited..
by legislation and ‘regulatory .controls, and many. major.-food. . produéers sare Now:

switching to alternative low-trans altematives.

* The ol prepared by the process of the invention can be used as an ingredient for

margarine and/or spreads.

Cocoa Butter Replacements/Equivalents

Cocoa butter contains a unique composition which provides a solid confectionery
\;;rhich melts in the mouth. In order to substitute cocoa butter using cheaper
alternatives, plant oils have been hyd:r:()genated to produce trans fatty acids, thereby
raising the melting point of the food oil to provide a similar solid confectionery which
melts at body temperature. Such modified plant oils are known as cocoa butter
equivalents (CBEs) or, in the case whére the modified fats enhance the characteristics

of the chocolate product, cocoa butter replacements (CBRs). One major problem with
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CBEs and CBRs is that the hydrogenation of plant oils produces trans fats which are
considered to be detrimental to health and temperature. This has lead to the use of low
trans plant oils, or fractions thereof, which have a higher melting temperature. Palm
oil and palm oil fractions are considered advantageous in this respect as a major

component low in trans CBRs/CBEs.

Cocoa butter replacement.(CBR) fats are used to provide preferable characteristics to
chocolate products such as non-tempering, reduced post hardening, stability, bloom
resistant. It is particularly desirable to use non-lauric/non-trans fats such as palm oil.
The crystallisation properties of the fats used in CBRs play a key role in ensuring a
suitable balance between the product melting in the mouth whilst retaining the above
preferable characteristics. "The use of low-trans fats, such as palm oil, in CBR blends
is particularly desirable for health reasons. The use of palm oil in CBRs is described

in EP0293194.

The oil prepared in accordance with a process.of.the present invention can be used:as
an ingredient for chocolate, for -example. .‘within a. fat blend as a cocoa butter-

replacement and/or equivalent.

SEQUENCES OF SOME DIGLYCERIDE:GLYCEROL ACYLTRANSFERASE
ENZYMES FOR USE IN ACCORDANCE WITH THE PRESENT INVENTION

Suitable diglyceride:glycerol acyltransferase enzymes for use in accordance with the
present invention and/or in the methods of the present invention may comprise any one

of the following amino acid sequences and/or be encoded by the following nucleotide

sequences:
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1 miphpagerg evgaffallv gtpadrrirl echetrplrg regegerrvp pltipgdgvl
61 cttsstrdae tvwrkhlgpr pdggfrphlg vgcllagqgs pgviwcgreg crfeverrdt
121 pglsrtrngd ssppfragws Ippkcgeisq sarktpavpr yslirtdrpd gprgrfvgsg
181 praatrrrif Igipalvivt altiviavpt gretiwrmwe eatqdwclgv pvdsrggpae
241 dgeflilspv gaatwgnyya Igdsyssgdg ardyypgtav kggcwrsana ypelvaeayd
301 faghisflac sgqrgyamld aidevgsqld wnsphtsivt igiggndigf stviktcmvr
361 vplidskact dgedairkrm akfettieel isevrirapd arilvvgypr ifpeeptgay
421 ytlitasnqrw Inetiqgefnq qlaeavavhd eeiaasggvg svefvdvyha Idgheigsde
481 pwvngvqlrd latgvtvdrs tthpnaaghr avgervieqi etgpgrplya tfavvagatv

541 dtlagevg

SEQ ID No. 59

1 gatggtgaac cagaacaccc ggtegtcgge gtgggegtee aggtgeaggt geaggtictt
61 caactgctce agcaggatge cgecgtggee gtgcacgatg gecttgggea ggectgtggt
121 ccecegacgag tacagcacce atageggatg gtcgaacgge ageggggtga actecagttc
181 cgegcecttcg ccegeggett cgaactcege ccaggacagg gtgtcggega cagggecgea
241 gececaggtac ggcaggacga cggtgtgetg caggetggge atgecgtege geagggetit
301 gagcacgtca cggeggtega agtecttace gecgtagegg tageegteca cggecageag
361 cactitcggt tcgatctgeg cgaaccggte gaggacgctg cgcaccecega agicggggga
421 acaggacgac caggtcgcac cgatcgegge gcaggegagg aatgeggecg tegectegge
481 gatgttcgge aggtaggceca cgacceggte geccggggece accccgagge tgeggagggce
541 cgcagcgatc geggeggtge gggtecgeag ticteceeag gtecactegg tcaacggeeg
601 gagttcggac gegtgecgga tegecacgge tgatgggtea cggtcgegga agatgtgete
661 ggcgtagttg agggtggcge cggggaacca gacggegeeg ggeatggegt cggaggegag
721 cactgtggtg tacggggtgg cggcgegeac ceggtagtac teccagateg cggaccagaa
781 fecltegagg teggttaceg accagegeca cagtgecteg tagtceggtg cgtecacace
841 geggtgetee cgcacceage gggtgaacge ggtgaggttg gegegttctt tgegcetecte
901 gtcgggacic cacaggatcg gcggcetgegg cttgagtgte atgaaacgeg accccttegt
961 ggacggtgcg gatgeggtga gegtegggtg cetecectaa cgeteceegg tgacggagtg
1021 ttgtgcacca catctagcac gegggacgeg gaaaccgtat ggagaaaaca cctacaacce
1081 cggccggacg gtgggtttcg gecacactta ggggteggat gectgettge cgggeaggge
1141 agtccegggg tgctgtagty cgggegggag ggetgteget tegaggtgtg ccggegagac
1201 actccgggcec teagecgtac ccgeaacggg gacagtictc cicectteeg ggetggatgg
1261 tcccettccee cgaaatgegg cgagatcetee cagticagecc ggaaaacacc cgetgigece
1321 aggtactcit tgcttcgaac agacaggceeg gacggtccac gggggaggtt tgtgggeage
1381 ggaccacgtg cggcgaccag acgacggttg ttcetcggta teceegcetcet tgtactigtg
1441 acagcgctca cgetggtctt ggetgtceccg acggggegeg agacgcetgtg gegeatgtgg
1501 tgtgaggcca cccaggactg gtgectgggg gtgecggteg actecegegg acagectgeg
1561 gaggacggcg agtttctget getitcteeg giccaggeag cgacctggag gaactattac
1621 gegetegggg attegtacte ttegggggac ggageccgeg actactatce cggeaccgeg
1681 gtgaagggeg gttgetggeg gtcegcetaac gectatcegg agetggtege cgaagectac
1741 gacttcgecg gacacttgte gitcetggee tgcageggee agegeggeta cgecatgett
1801 gacgctatcg acgaggtcgg ctegeagetg gactggaact ceecteacac gicgetggtg
1861 acgatcggga teggeggeaa cgatetgggg tictccacgg ttttgaagac ctgeatggtg
1921 cgggtgceege tgetggacag caaggegtge acggaccagg aggacgctat cecgcaagegg
1981 atggcgaaat tegagacgac gtttgaagag ctcatcageg aagtgegeac cegegegecg

2041 gacgcccgga tectigtegt gggcetaceece cggatttitc cggaggaace gaceggegee

2101 tactacacgce tgaccgegag caaccagegg tggcicaacg aaaccattca ggagttcaac
2161 cagcagcleg cecgaggcetgt cgcggtccac gacgaggaga ttgeegegte gggegaggtg
2221 ggcagegtgg agticgtgga cgtctaccac gegttggacg gecacgagat cggcteggac
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2281 gagcegtggg tgaacggggt gcagttgegg gacctcgeca ceggggtgac tgtggaccge
2341 agtaccticc accccaacge cgetgggeac cgggeggteg gtgagegggt catcgageag
2401 atcgaaaccg gecccgggecg tecgctetat gecactiteg cggtggtgge gggggegace
2461 gtggacactc tcgcgggega ggtggggtga ceccggettac cgtcecggecce geaggtetge
2521 gagcactgeg gegatetggt ccactgecca gtgeagtteg tettcggtga tgaccagegg
2581 cggggagagce cggategttg ageegtgegt gtctttgacg ageacaccce getgcaggag
2641 ccgttcgeac agttetette cggtggecag agtcgggteg acgtegatee cagecccacag
2701 gecgatgetg cgggecgega ccacgecgtt gecgaccagt tggtcgagge gggegegeag
2761 cacgggggcg agggegegga catggtccag gtaagggecg tegeggacga ggcteaccac
2821 ggcagtgccg accgegeagg cgagggegtt gecgeegaag gtgetgeegt getggecgag
2881 gcggatcacg tcgaagactt ccgegtegece taccgecgec gecacgggea ggatgecgee
2941 geccageget ttgccgaaca ggtagatate ggegtegact cegetgtggt cgecaggeceg -

Termobifida\fusca\ - GDSx

SEQ ID No. 60

1 vgsgpraatr rifigipal vivtaltivl avptgrettw rmwceatqdw clgvpvdsrg
61 gpaedgefil Ispvqaatwg nyyalgdsys sgdgardyyp gtavkggcwr sanaypelva
121 eaydfaghls flacsgqrgy amidaidevg sqldwnspht sivtigiggn digfstvikt
181 cmvrvplids kactdgedai rkrmakfett feelisevrt rapdarilvv gyprifpeep
241 tgayytltas nqrwinetiq efnqqlaeav avhdeeiaas ggvgsvefvd vyhaldghei
301 gsdepwvngv qgirdlatgvt vdrstfhpna aghravgerv iegietgpgr plyatfavva
361 gatvdtlage vg

Corynebacterium\effciens\ GDSx 300 aa

SEQ ID No. 61

1

1 mrttviaasa lilagcadg areetagapp gessggiree gaeastsitd vyialgdsya
61 amggrdqplr gepfcirssg nypellhaev tditcqgavt gdlleprtlg ertipaqvda
121 ltedttivil siggndlgfg evagcireri agenaddcvd ligetigeql dglppqgldrv
181 heairdragd agvvvtgylp lvsagdcpel gdvseadnw aveltggine tvreaaerhd
241 alivipddad ehtscappqq rwadiqgqqt daypihptsa gheamaaavr dalglepvqp

SEQ ID No. 62

nt

1 ttetggggtg tatggagtt gttatcggcet cgtectgggt ggatccegee aggtggagta

61 ttcacgggag actttigtgt ccaacageeg agaatgagtg ccctgagegg tgggaatgag
121 gtgggegggg ctgtgtcgee atgaggggge ggegggetet gtggtgecee gegacceeeg
181 geeceggtga geggtgaatg aaatcegget gtaatcagea tecegtgeee acceegtegg
241 ggaggtcage geecocggagtg tetacgeagt cggatectet cggactegge catgetgteg
301 gcageatege geteccegggt ctiggegtee cteggetgtt ctgectgetg teectggaag

361 gcgaaatgat caccggggag tgatacaccg gtggtctcat ceceggatgec cactteggeg
421 ccatccggea attcgggeag ctccgagtag aagtaggtgg catecgatge gteggtgacg
481 ccatagtggg cgaagatctc alcctgeteg agggtgetca ggecactete cggategata
541 tcgggagegt ccttgatgge gtecttgetg aaaccgaggt gcagettgtg ggcticcaat

601 ticgcaccac ggagecgggac gaggctggaa tgacggecga agageccegtg gtggacctca

PCT/IB2004/004374
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661 acgaaggtgg gtagtccegt gteatcaltg aggaacacgc cctecaccge acccagcettg
721 tggccggagt tgtcgtagge getggeatce agaagggaaa cgateteata titgtcggtg

781 tgctcagaca tgatcttcct ttgetgtcgg tgtctggtac taccacggta gggctgaatg

841 caactgttat titicigtta ttttaggaat tggtccatat cccacaggct ggetgtggte

901 aaatcgtcat caagtaatcc clgtcacaca aaatgggtag tgggagceect ggtcgeggtt

961 ccgtgggagg cgeegtgece cgcaggateg teggeatcgg cggatctgge cggtacceeg
1021 cggtgaataa aatcattctg taaccttcat cacggttggt titaggtate cgecccttic

1081 gtcctgacce cgltecceegge gegegggage cecgegggttg cggtagacag gggagacgtg
1141 gacaccatga ggacaacggt catcgcagca agcgcattac tectictege cggatgegeg
1201 gatggggecc gggaggagac cgceggtgea cecgeegggty agtecteegg gggeateegg
1261 gaggaggggg cggaggcgtc gacaagcatc accgacgtcet acatcgecct cggggatice
1321 tatgcggega tgggegggeg ggatcageeg ttacgggatg ageegtictg cetgegeteg
1381 tccggtaatt acceggaact cclecacgea gaggtcacceg atctcacctg ccagggggeg
1441 gtgaccgggg alctgctcga acccaggacg clgggggage gcacgetgee ggegeaggtg
1501 gatgcgceiga cggaggacac caccetggte accctctcca tegggggeaa tgacctcgga
1561 tteggggagg tggcgggatg catccgggaa cggatcgeeg gggagaacgc tgatgatige
1621 gtggacctge tgggggaaac catcggggag cagctegate ‘agceticecee gecagelggac
1681 cgcgtgcacg aggctatceg ggacegegee ggggacgegce aggttgtggt caceggttac
1741 ctgcegceteg tgtetgecgg ggactgecce gaactggggg atgtctccga ggeggategt
1801 cgttgggegg ttgagetgac cgggeagatc aacgagaccg tgcgegagge ggccgaacga
1861 cacgatgccc tctttgtcet gccegacgat gecgatgage acaccagtig tgcaccecca
1921 cagcagcegcet gggcagatat ccagggecaa cagaccegatg cetatceget gcaccegace
1981 tcegecggec atgaggcegat ggecgecgece gitcegggacg cgetgggect ggaaceggte
2041 cagcegtage geegggegeg cgetigtega cgaccaacce atgccaggcet gcagtcacat
2101 ccgcacatag cgegegeggg cgatggagta cgeaccatag aggatgagec cgatgecgac
2161 gatgatgagc agcacactgc cgaagggttg ticccecgagg gtgegeagag ccgagtececag
2221 acctgcggec tgctccggat catgggeeca accggegatg acgatcaaca cceecaggat
2281 ccecgaaggceg ataccacggg cgacataace ggetgticeg gtgatgatga tegeggtece
2341 gaccigcect gacccegeac cegecteeag atcctceegg aaatceeggg tggeccectt
2401 ccagaggttg tagacacccg cceeccagtac caccageceg gecgaccacaa ccageaccac
2461 accccagggt tgggatagga cggtggeggt gacateggtg geggtcetece catcggaggt
2521 getgeegece cgggcegaagg tggaggtggt caccgecagg gagaagtaga ccatggecat
2581 gaccgeccce ttggeccttt cettgaggte ctegecegece ageagetgge tcaatigeca

2641 gagtcccagg gecgecaggg cgatgacgge aacccacagg aggaactgee cacccggage
2701 ctccgegatg gtggececaggg cacctgaatt cgaggcectca tcaccecgaac cgeecggatec
2761 agtggcgatg cgcaccgega teccaccegat gaggatgtge agtatgecca ggacaatgaa
2821 accacctctg geccaggglgg tcagegeggg gtggtectcg gectggtegg cageccgtic
2881 gatcgtccgt ticgeggate tggtgtcgee cltatccata geteccattg aaccgecttg

2941 aggggtgggc ggccactgic agggeggatt gtgatctgaa cigtgatgtt ccatcaacce

Novosphingobium\aromaticivorans\ GDSx 284 aa

SEQ ID No. 63

ZP_00094165

i

1 mgqvkifarr capvllalag lapaatvare aplaegaryv algssfaagp gvgpnapgsp
61 ercgrgtiny phllaealk! divdatcsga tthhvigpwn evppqgidsvn gdtrivtiti
121 ggndvsfvgn ifaaacekma spdprecgkwr eiteeewqad eermrsivrq iharaplarv
181 vvvdyitvlp psgtcaamai spdriaqgsrs aakrlarita rvareegas! lkfshisrrh
241 hpcsakpwsn glsapaddgi pvhpnrigha eaaaalvkiv kimk

PCT/IB2004/004374
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SEQ ID No. 64

1 tgccggaact caageggegt ctageccgaac tecatgeccga aagegegtgg cactatcecg

61 aagaccaggt ctcggacgcece agegagegdcc tgatggeege cgaaatcacg cgegaacage
121 tctaccgeca getccacgac gagetgecct atgacagtac cgtacgtecee gagaagtace
181 tccatcgeaa ggacggtteg atcgagatee accageagat cgtgattgec cgegagacac
241 agcgtecgat cgtgetggge aagggtggeg cgaagatcaa ggecgatcgga gaggecgeac
301 gcaaggaact ttcgcaattg ctegacacca aggtgcacct gitectgeat gtgaaggteg

361 acgagcgctg ggcegacgec aaggaaatct acgaggaaat cggectegaa igggtcaagt
421 gaagctcttc gcgegeeget gegecccagt actictegee cttgeecggge tggeteegge

481 ggctacggtc gcgegggaag cacegetgge cgaaggegeg cgttacgttg cgotgggaag
541 ctecttcgee geaggtecgg gegtggggcc caacgegecce ggatcgeeeg aacgetgegg
601 ccggggcacyg cicaactace cgeacctgcet cgecgaggeg cicaageteg atctegtega
661 tgcgacctge agecggegega cgacccacca cgtgetggge ceetggaacg aggticceee
721 tcagatcgac agegtgaatg gecgacacceg cetegtcace ctgaccateg gecggaaacga
781 tgtgtcgttc gtcggeaaca tettegeege cgettgegag aagatggegt cgecegatee

841 gegetgegge aagtggeggg agatcaccga ggaagagtgg caggecgacg aggageggat
801 gegcetecate gtacgecaga teccacgeeeg cgegectcte gecegggtag tagtagtega
961 ttacatcacg gtcctgecege catcaggceac tigegetgec atggegattt cgecggaceg
1021 gctggeccag agecgeageg cecgegaaacg getigeeegg attaccgcae gggtegegeg
1081 agaagagggt gcatcgetge tcaagticte geatatctcg cgeecggeacc atccatgcete
1141 tgccaagecec tggagcaacg gectttcege ceeggecgac gacggeatee cggtecatee
1201 gaaccggctc ggacatgctg aagcggeage ggegetggte aagctigtga aattgatgaa
1261 gtagctactg cactgattic aaatagtatt gectgtcage tttccagecc ggattgtige
1321 agcgcaacag aaactigtcc gtaatggatt gatggtttat gtcgctegea aattgecgte
1381 gaagggaacg ggcgcgatege tegttaacgt cetgggtgca geagtgacgg agegegtgga
1441 tgagtgatac tggcggatgtc atcggtgtac gegecgecat teccatgect gtacgegeeg

i

S.coelicolor\ GDSx 268 aa

SEQID No. 65 .

NP_625998.

1 mrrfrivgfl ssivlaagaa ligaataqaa gpaaadgyva lgdsyssgvg agsyisssgd
61 ckrstkahpy Iwaaahspst fdftacsgar tgdvisgqlg plssgtglvs isiggndagf
121 adtmttcvlq sessclsria taeayvdst! pgkldgvysa isdkapnahv vvigyprfyk
181 Igttciglse tkrtainkas dhintviaqr aaahgfifgd vrttftghel csgspwihsy
241 nwinigesyh ptaaggsggy lpvingaa
I

SEQ ID No. 66

1 cceggeggec cgtgcaggag cagecageegg cecgegatgt cetegagegt cgtetteate
61 aggccgteca tegegtegge gaccggegec gtatagitgg ceecggaccte gtceeaggtg
121 coccgeggega tetggegggt ggtgeggtge gggecgegee gaggggagac gtaccagaag
181 cccategtea cgtictcegg ctgeggticg ggetegteeg cegetecgte cgtegecteg
241 ccgageacct tetcggegag gtcggegetg gtegeegtea cegtgacgte ggeacceegg
301 ctccagegeg agatcagceag cgtccagecg tegeectecg ccagegiege getgeggteg
361 tcgtcgeggg cgatccgeag cacgegegeg cegggeggea geagegtgge gecggacegt
421 acgeggtega tgttcgecgce glgegagtac ggcetgceteac cegtggegaa acggecgagg
481 aacagcgcegt cgacgacgtc ggacggggag tcgetgtegt ccacgttgag ceggategge
541 agggcttcgt gecgggticac ggacatgteg ccatgatcgg gecacceggec geegegtgea
601 cccgctitce cgggeacgca cgacaggage titctecgecg tettccgtee gaacttgaac
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661 gagtgtcagc catttcttgg catggacact tccagtcaac gegegtaget getaccacgg
721 ttgtggcage aatcctgcta agggaggtic catgagacgt ttccgacttg teggettect
781 gagticgcte gtectegeeg ceggegecge cetcaceggg geagegaceg cccaggegge
841 ccaaccegec geegecgacg getatgtgge coteggegac tectactect ccggggtegg
901 agcgggcage tacatcaget cgagcggcga ctgcaagege agcacgaagg cccatcecta
961 cctgtgggeg gecgeccact cgpcctccac gttcgacttc accgecetgtt ccggegeceg
1021 tacgggtgat gtictctccg gacagcetegg cecgeteage tecggeaceg gectegtete
1081 gatcagcatc ggcggcaacg acgeeggitt cgccgacace atgacgacct gigtgceteca
1141 gtccgagagc tectgectgt cgeggatege caccgecgag gegtacgtcg actcgacget
1201 geceggeaag clegacggeg tetactegge aatcagegac aaggegecga acgeccacgt
1261 cgtegteate ggctaccege getictacaa getcggeace accigeateg gectgtecga
1321 gaccaagcgg acggcegatca-acaaggectc cgaceaccte aacaccgtee tegeccageg
1381 cgcegecgec cacggctica.cotteggega cgtacgeacc accttcaccg gecacgaget
1441 glgctcegge agecectgge tgcacagegt caactggetg aacatcggeg agtecgtacca
1501 ccceaccgeg gecggecagt ceggtggeta cetgeeggte ctcaacggeg cegectgace
1561 tcaggcggaa ggagaagaag aaggagcgga gggagacgag gagtgggagg cceegeecga
1621 cggggtecce gteceegtet cegteteegt cecggteeeg caagtcaceg agaacgecac .
1681 cgcgteggac giggeccgea ceggactceg caccteeacg cgeacggeac tetegaacge
1741 gceggtgteg tegtgegteg teaccaccac geegteetgg cgegageget cgeegeecega
1801 cgggaaggac agcgtccgcc -acceccggate ggagaccgac ccgtcegegg teacccaceg
1861 gtagcegacc tccgocgggea-gecgeccgac cgtgaacgtc geegtgaacg cgggtgeecg
1921 gtcgtgegge ageggacagg geeecgagta gtgggtgege gageecacca cggtcaccte
1981 caccgactge gctgcggggc

"

S.avermitilis\ GDSx 269 aa

SEQ ID No. 67

NP 827753.

1 mrrsritayv tsllavgca ltgaataqas paaaatgyva lgdsyssgvg agsylsssgd
61 ckrsskaypy lwgaahspss fsfmacsgar tgdvlanglg tinsstglvs Itiggndagf
121 sdvmttevlq sdsaclsrin takayvdsti pgqldsvyta istkapsahv avigyprfyk
181 lggsclagls etkrsainda adylnsaiak raadhgftfg ddkstftghe icssstwihs
241 ldiliniggsy hptaaggsag ylpvmnsva
i g

SEQ ID No. 68

1 ccacegecgg gteggeggeg agtetectgg ceteggtege ggagaggtig gecgtatage

61 cgticagege ggegecgaac gicticttca cegtgeegee gtactegttg atcaggeect
121 tgcecttget cgacgeggec ttgaageegg tgcccttctt gagegtgacg atgtagetge
181 ccttgatcge ggtgggggag ceggeggega geaccgtgee cteggeeggg gtagectggg
241 cgggeagtgc ggtgaatceg cccacgaggg cgecggtege cacggeggtt atcgeggega
301 tccggatcett ctigotacge agctgtgeea tacgagggag tectectetg ggcageggeg
361 cgcetgggtg gggegeacag ctgtggggag tgegegegte atcacgeaca cggecctgga
421 gegteglgtt cegecctggg ttgagtaaag ceteggecat ctacgggggt ggctcaaggg

* 481 agttgagacc ctgtcatgag tctgacatga gcacgeaate aacggggecg tgagcaccee
541 ggggegacee cggaaagtge cgagaagtct tggcatggac acttectgic aacacgegta
601 gctggtacga cggttacgge agagatcectg ctaaagggag gttccatgag acgttccega
661 attacggcat acgtgacctc actectecte gecgtegget gegecctcac cggggeageg
721 acggcgeagg cgtccccage-cgecgeggec acgggctatg tggecetegg cgactegtac
781 tcglceggtg teggegecgg cagetaccte agetccageg gegactgeaa gegeagttcg
841 aaggcctate cgtacctctg gecaggeegceg cattcacect cgtegticag tttcatggcet
901 tgctcgggeg ctegtacggg tgatgtecty gecaatcage teggeacect gaactegtee
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961 accggcectgg tetcocteac catcggagge aacgacgegg gettetcega cgtcatgacg
1021 acctgtgtge tccagtecga cagegectge ctcteccgea tcaacacgge gaaggegtac
1081 gicgactcca cectgeeecgg ccaactcgac agegtgtaca cggegatcag cacgaaggec
1141 ccgteggecc atgtggeegt getgggcetac cecegettet acaaactggg cggetectge
1201 ctcgegggee tetcggagac caageggtee gecatcaacg acgeggecga ctatctgaac
1261 agcgecatcg ccaagegegce cgecgaccac ggcttcacct fcggegacgt caagageace
1321 ttcaccggcec atgagatcetg ctecagcage acctggcetge acagtetega cetgetgaac
1381 atcggecagt cctaccacee gacegeggee ggecagteeg geggcetatet gecggteatg

_ 1441 aacagcegtgg cctgagctec cacggcectga attittaagg cclgaatitt taaggcgaag
1501 gtgaaccgga agcggaggcc cegtecgteg gggteteegt cgcacaggte accgagaacg
1661 gcacggagtt ggacgtcgtg cgcaccgggt cgegeaccle gacggegate tegticgaga

- 1621 tegttccgcet cgigtegtac gtggtgacga acacctgctt ctgetgggte tttccgecge
1681 tcgecgggaa ggacagegtc ftccageeceg gatcegggac ctegecectic ttggtcacce
1741 ageggtactc cacctecgace ggcaccegge ccaccgtgaa ggtegecgtg aacgtgggeg
1801 cctgggeggt gggeggeggg-caggeaccgg agtagteggt gtgecacgeceg gtgaccgtea

- 1861 ccltcacgga-cigggeegge ggagtcgteg taccgeecgee gecaccgeceg cetcceggag
1921 tggagcecga getgtggteg ceecegeegt cggegtigte gicetecgggg gttttcgaac

n

Sﬁeptomyces diglyceride:glycerol acyltransferase

SEQ ID No. 69

ACAGGCCGATGCACGGAACCGTACC'ITTCCGCAGTGAAGCGCTCTCCCCCCATCGTTCGC
CGGGACTTCATCCGCGATTTTIGGCATGAACACTTCCTTCAACGCGCGTAGCTTGCTACAA
GTGCGGCAGCAGACCCGCTCGTTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCGGCCG
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAGCCCGGCCCAGGCAG
CCGGCCCGGCCTATGTGGCCCTGGGGGATTCCTATTCCTCGGGCAACGGCGCCGGAAGTT
ACATCGATTCG_AGCéGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGCGG
CGGCCAACGCACCGTCCTCCTICACCTTCGCGGCCTGCTCGGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAACACCACCCTGCTCGCCCGGC
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCCGCGTGGTCGTCCTCG
GCTACCCGCGCATQ’E_ACCTGGCCTCGAACCCCTGGTACTGCCTGGGCCTGAGCAACACCA
AGCGCGCGGCCATCAACACCACCGCCGACACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTCCGATTCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTGTTCT
TCGGCAACGACTGGQTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCACCA
GCACGGGCCATCAGF;GCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGACCTGATCAA
EGCACGGCCGTGCCCGCCCCGCGCGTCACGCTCGGCGCGGGCGCCGCAGCGCGTTGATCA
GCCCACAGTGCCGGTGACGGTCCCACCGTCACGGTCGAGG GTGTACGTCACGGTGGCGCC
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGCGTAGACCGCTTCCATGGT
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
QTCCGAGAGCACCGGGGGCTCGTACCGGATGATGTGCAGATCCAAAGAATT
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&reﬁtomyces diglyceride:glycerol acyltransferaSe

SEQ ID No. 70

MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN

NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNASTGLVSITIGGNDAGFADAMTT
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTKRAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHELFFGNDWLHSLTLPVWE

SYHPTSTGHQSGYLPVLNANSST

IDENTIFICATION OF A DIGLYCERIDE:GLYCEROL ACYLTRANSFERASE
ACCORDING TO THE PRESENT INVENTION

Assay for enzymatic reduction of diglyceride in palm oil.

1 gra.rh of palm oil: contaihing 7% diglyceride is scaled in a glass with lid.
50 mg glycerol and 10 pl enzyme solution is added. The reaction mixture is agitated
with a magnetic stirrer in a heating chamber at 40°C for 20 hours. The enzyme
reaction is stopped by heating to 100°C for 10 minutes. A reference sample added
10ul water instead of enzyme solution is treated in the same way. The sainples are
analysed by GLC according to standard procedures (see hereinbelow) and the amount
of fatiy acids, monoglyceride and diglyceride are calculated. .
Calculation: ’
From the results of the GLC analyses the increase in free fatty acids and the decrease
in diglycerides can be calculated: .
A% fatty acid = % Fatty acid(enzyme) - % fatty acid(control);
Mv Fa = average molecular weight of the fatty acids;
A% vaig]yceride = % Diglyceride(control) - % Diglyceride(enzyme); .
Mv Di= average molecular weight of diglyceride;
The transferase activity is calculated as a percentage of the total enzymatic activity:
% transferase activity = = ._((A % Di/(Mv Di) - A % Fa/(Mv FA)) x 100

A % Di/(Mv Di)
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GLC analysis

Perkin Elmer Autosystem 9000 Capillary Gas Chromatograph equipped with WCOT
fused silica column 12.5 m x 0.25 mm ID x 0.1 p film thickness 5% phenyl-methyl—
silicone (CP Sil 8 CB from Chrompack).

Carrier gas: Helium.
Injector. PSSI cold split injection (initial temp 50°C heated to 385°C), volume 1.0ut

Detector FID: 395°C

Oven program: 1 2 3
Oven temperature, °C. - 90 280 350
Isothermal, time, min. 1 0 10
Temperature rate, °C/min. 15 4

Sample preparation: 30 mg of sample was:dissolved in--9'ml Heptane:Pyridin, 2:1
containing internal standard heptadecane, 0.5 mg/ml. 300ul  sample solution was:
transferred to: a crimp wvial, 300 pl MSTFA '(N-Methyl-N-trimethylsilyl- -

trifluoraceamid) was added and reacted for 20 minutes at 60°C.

ISOLATED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in an isolated form. The term “isolated” means that the sequence is at least
substantially free from at least one other component with which the sequence is

naturally associated in nature and as found in nature.

PURIFIED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in a purified form. The term “purified” means that the sequence is in a relatively pure
state — e.g. at least about 51% pure, or at least about 75%, or at least about 80%, or at
least about 90% pure, or at least about 95% pure or at least about 98% pure.
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CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE

ACCORDING TO THE PRESENT INVENTION

A nucleotide sequence encoding either a polypeptide which has the specific properﬁ’es
as defined heremn or a polypeptide which is suitable for modification may be isolated
from any cell or organism producing said polypeptide. Various methods are well

known within the art for the isolation of nucleotide sequences.

" For example, a genomic DNA and/or ¢cDNA library may be constructed using

chromosomal DNA or messenger RNA from the organism producing the polypeptide:
If the amino acid sequence of the polypeptide is known, labelled oligonucleotide
probes may be synthesised and used to identify polypeptide-encoding clones from the
genomic library prepared from the.organism. Alternatively, a labelled:oligonucleotide:
probe containing sequences homologous to another known:polypeptide gene could be: -
used to identify polypeptide-encoding clones. In the 'iatter-' case;. bybridisation--and

washing conditions of lower stringency are used.

Alternatively, polypeptide-encoding clones could be identified by inserting fragments
of genomic DNA into an expression vector, such as a plasmid, transforming enzyme-
negative bacteria with the resulting genomic DNA library, and then plating the
transformed bacteria onto agar containing an enzyme inhibited by the polypeptide,
thereby allowing clones expressing the polypeptide to be identified.

In a yet further alternative, the nucleotide sequence encoding the polypeptide may be
prepared synthetically by established standard methods, e.g. the phosphoroamidite
method described by Beucage S.L. et al (1981) Tetrahedron Letters 22, p 1859-1869,
or the method described by Matthes er al (1984) EMBO J. 3, p 801-805. In the
phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA

synthesiser, purified, annealed, ligated and cloned in appropriate vectors.
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The nucleotide sequence may be of mixed genomic and synthetic origin, mixed
synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by ligating
fragments of synthetic, genomic or c]jNA origin (as appropriate) in accordance with
standard techniques. Each ligated fragment cormresponds to various parts of the entire
nucleotide sequence. The DNA sequence may also be prepared by polymerase chain
reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in

Saiki R K et al (Science (1988) 239, pp 487-491).

NUCLEOTIDE SEQUENCES

The present invention also encompasses nucleotide sequences encoding polypeptides
having the specific properties as definéd herein. The term “nucleotide sequence” as used
herein refers to an oligonucleotide sequence or polynucleotide sequence, and variant,
homologues, fragments and derivatives thereof (such as portions thereof). The nucleotide
sequence may be of genomic or synthetic or recombinant origin, which may be double-

stranded or single-stranded whether representing the sense or antisense strand.

The term "nucleotide sequence” in relation to the present invention includes genomic
DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably
cDNA for the coding sequence.

In a preferred emBodiment, the nucleotide sequence per se encoding a polypeptide having
the specific properties as defined hereip does not cover the native nucleotide sequence in
its natural environment when it is linked to its naturally associated sequence(s) that is/are
also in its/theirnatural environment. For ease of reference, we shall call this preferred
embodiment the “non-native nucleotide sequence”. In this regard, the term "native
nucleotide sequence” means an entire nucleotide sequence that is in its native
environment and when operatively linked to an entire promoter with which it is naturally
associated, which promoter is also in its native environment. Thus, the polypeptide of the

present invention can be expressed by ‘a nucleotide sequence in its native organism but
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wherein the nucleotide sequence is not under the control of the promoter with which itis

naturally associated within that organism.

Preferably the polypeptide is not a native polypeptide. In this regard, the term "native
polypeptide” means an entire polypeptide that is in its native environment and when it has
been expressed by its native nucleotide sequence.

Typically, the nucleotide sequence encoding polypeptides having the specific
properties as defined herein is prepared using recombinant DNA techniques (i.e.
recombinant DNA). However, in an alternative embodiment of the invention, the
nucleotide sequence could be synthesised, in whole or in part, using chemical methods
well known in the art (seg Caruthers MH et al (1980) Nuc Acids Res Symp Ser 215-23
and Horn T ef al (1980) Nuc Acids Res Symp Ser 225-232).

MOLECULAR EVOLUFION

Once an enzyme-encoding nucleotide sequence bas been isolated, or a putative
enzyme-encoding nucleotide sequence has been identified, it may be desirable to
modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present invention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al (Biotechnology (1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences

is described in Nelson and:Long (Analytical Biochemistry (1989), 180, p 147-151).

Instead of site directed mutagenesis, such as described above, one can Jintroduce
mutations randomly for instance using a commercial kit such as the GeneMorph PCR
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from
Clontech. EP 0 583 265 refers to methods of optimising PCR based mutagenesis,
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which can also be combined with the use of mutagenic DNA analogues such as those
described in EP 0 866 796. Error prone PCR technologies are suitable for the
production of variants of lipid acyl transferases with preferred characteristics.
W00206457 refers to molecular evolution of lipases.

A third method to obtain novel sequences is to fragment non-identical nucleotide
sequences, either by using any number of restriction enzymes or an enzyme such as
Dnase I, and reassembling full nucleotide sequences coding for functional proteins.
Alternatively one can use one or multiple non-identical nucleotide sequences and
introduce mutations during the reassembly of the full nucleotide sequence. DNA
shuffling and family shuffling technologies are suitable for the production of variants
of lipid acyl transferases with preferreé characteristics. ~ Suitable methods for
performing 'shuffling' can be found in EPO 752 008, EP1 138 763, EP1 103 606.

- Shuffling can also be combined with other forms of DNA mutagenesis as described in

- US 6,180,406 and WO 01/34835.

Thus, it is possible to produce numerous site directed or random mutations into a
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved
functionality of the encoded polypeptide by various means. Using in silico and exo
mediated recombination methods (see WO 00/58517, US 6,344,328, US 6,361,974),
for example, rﬁolecular evolution can be performed where the variant produced retains
very low homology to known enzymes or proteins. Such variants thereby obtained
may have significant structural analogy to known transferase enzymes, but have very

low amino acid sequence homology.

As a non-limiting example, In addition, mutations or natural variants of a
polynucleotide. sequence can be recombined with either the wild type or other
mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality of the encoded polypeptide.

The application of the above-mentioned and similar molecular evolution methods

allows the identification and selection of variants of the enzymes of the present
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invention which have preferred characteristics without any prior knowledge of protein .
stricture or function, and allows the production of non-predictable but beneficial
mutations or variants. There are numerous exainples of the application of molecular
evolution in the art for the optimisation or alteration of enzyme activity, such examples
include, but are not limited to one or more of the following: optimised expression
and/or activity in a host cell or in vitro, increased enzymatic activity, altered substrate
and/or product specificity, increased or decreased enzymatic or structural stability,
altered enzymatic activity/specificity in preferred enviroomental conditions, e.g.

temperature, pH, substrate

As will be apparent to a person skilled in the art, using molecular evolution tools an

enzyme may be altered to improve-the functionality of the enzyme.

Suitably, the lipid acyltransferase used in the invention may be a variant, i.e. may
contain at least one amino acid substitution, deletion or addition, when compared to a
parental enzyme. Variant enzymes retain at least 20%, 30%, 40%, 50 %, 60%, 70%,
80%, 90%, 95%, 97%, 99% homology with the parent enzyme. Suitable parent
enzymes may include any enzyme with esterase or lipase activity. Preferably, the
pérent enzyme aligns to the pfam00657 consensus sequence.

In a preferable embodiment a vanant lipid acyltransferase enzyme retains or
incorporates at least one or more of the pfam00657 consensus sequence amino acid

residues found in the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous

environment may be mutated using molecular evolution tools to introduce or enhance

the transferase activity, thereby producing a lipid acyltransferase enzyme with

significant transferase activity suitable for use in the compositions and methods of the

present invention.

Suitably, the lipid acyltransferase for use in the invention may be a variant with

enhanced enzyme activity on polar lipids, preferably phospholipids and/or glycolipids
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when compared to the parent enzyme. Preferably, such variants also have low or no
activity on lyso polar lipids. The enhanced activity on polar lipids, phospholipids
and/or glycolipids may be the result of hydrolysis and/or transferase activity or a

combination of both.

Variant lipid acyltransferases for use in the invention may have decreased activity on

triglycerides, and/or monoglycerides and/or diglycerides compared with the parent

enzyme.

S{]itably the variant enzyme may have no activity on triglycerides and/or

monoglycerides and/or diglycerides.

Alternatively, the variant enzyme for use in the invention may have increased activity
on triglycerides, and/or may also have increased activity on one or more of the
following, polar lipids, phospholipids,  lecithin, " phosphatidylcholine,- gly¢olipids,

digalactosyl monoglyceride, monogalactosyl-monoglyceride.

Variénts of lipid acyltransferases are known, and one or more of such variants may be
suitable for use in the methods and uses according te the present invention and/or in
the enzyme compositions according to the present invention. By way of example only,
variants of lipid acyltransferases are described in the following references may be used
in accordance with the present invention: Hilton & Buckley J Biol. Chem. 1991 Jan
15: 266 (2): 997-1000; Robertson ef al J. Biol. Chem. 1994 Jan 21; 269(3):2146-50;
Brumlik et al J. Bacteriol 1996 Apr; 178 (7): 2060-4; Peelman et al Protein Sci. 1998

Mar; 7(3):587-99.

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of polypeptides having

the specific properties as defined herein.
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As used herein, the term “amino acid sequence” is synonymous with the term

“polypeptide” and/or the term “protein”. In some instances, the term “amino acid

sequence” is synonymous with the term “peptide”.

The amino acid sequence may be prepared/isolated from a suitable source, or it may be

made synthetically or it may be prepared by use of recombinant DNA techniques.

Suitably, the amino acid sequences may be obtained from the isolated polypeptides
taught herein by standard techniques.

One suitable method for determining amino acid sequences from isolated polypeptides

1s as follows:

Purified polypeptide may be freeze-dried and 100 pg of the freeze-dried material may
be dissolved.in 50 pl of a mixture of 8 M -urea and: 0:4- M ammonium: hydrogen
carbonate, pH: 8.4. The dissolved protein'may be denatured-and reduced for 15 minutes
at 50°C following overlay.with nitrogen and addition .of 5.ul of 45 mM dithiothreitol. .
After cooling to room temperature, 5 pl of 100 mM iodoacetamide may be added for

the cysteine residues to be derivatized for 15 minutes at room temperature in the dark

under nitrogen.

135 pl of water and 5 pg of endoproteinase Lys-C in 5 pl of water may be added to the
above reaction mixture and the digestion may be carried out at 37°C under nitrogen for

24 hours.

The resulting peptides may be separated by reverse phase HPLC on a VYDAC C18
column (0.46x15cm;10pm; The Separation Group, California, USA) using solvent A:
0.1% TFA in water and solvent B: 0.1% TFA. in acetonitrile. Selected peptides may be
re-chromatographed on a Develosil C18 column using the same solvent system, prior
to N-terminal sequencing. Sequencing may be done using an Applied Biosystems
476A sequencer using pulsed liquid fast cycles according to the manufacturer's

instructions (Applied Biosystems, California, USA).
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SEQUENCE IDENTITY OR SEQUENCE HOMOLOGY

The present invention also encompasses the use of sequences having a degree of
sequence identity or sequence homology with amino acid sequence(s) of a polypeptide
having the specific properties defined herein or of any nucleotide sequence encoding
such a polypeptide (hereinafter referred to as a “homologous sequence(s)”). Here, the
term “homologue” means an entity having a certain homology with the subject amino
acid sequences and the subject nucleotide sequences. Here, the term, “homology™ can

be equated with “identity”.

The homologous amino acid sequence and/or nucleotide sequence should provide

and/or encode a polypeptide which retains the functional activity and/or enhances the

-activity of the enzyme.

In the present context, a homologous sequence is taken to include an amino acid
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
identical to the subject sequence. Typically, the homologues will comprise the same

active sites etc. as the subject amino acid sequence. Although homology can also be

" considered in terms of similarity- (i.e. amino acid residues having similar chemical

properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

In the present context, a homol'ogous. sequence is taken to include a nucleotide
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
identical to a nucleotide sequence encoding a polypeptide of the present invention (the
subject sequence). Typically; the homologues will comprise the same sequences that
code for the active sites etc. as the subject sequence. Although homology can also be
considered-in terms of similarity. (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.
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Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequénce comparison programs. These commercially available

computer programs can calculate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly
compared with the cdnesponding amino acid in the otl_:er sequence, one residue at a
time. This is called an “ungapped” alignment. Typically, such ungapped alignments

are performed only over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration
that, for example, in an otherwise identical pair of sequences, one insertion or deletion
will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a globﬂ alignment is
perfofmed. Consequently, most sequence comparison methods are designed to
produce optimal alignments that take into consideration possible insertions and
deletions without penalising unduly the overall homology score. This is achieved by

inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs
in the alignment so that, for the same number of identical amino acids, a sequence
alignment with as few gaps as possible - reflecting higher relatedness between the two
compared sequences - will achieve a higher score than one with many gaps. “Affine
gap costs” are typically used that charge a relatively high cost for the existence of a
gap and a smaller penalty for each subsequent residue in the gap. This is the most

-~commmonly used gap scoring system. High gap penalties will of course produce

optimised alignments with fewer gaps. Most alignment programs allow the gap
penalties to be modified. However, it is preferred to use the default values when using
such software for sequence comparisons. For example when using the GCG

Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for

a gap and -4 for each extension.
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Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer
program for carrying out such an alignment is the GCG Wisconsin Bestfit package
(Devereux et al 1984 Nuc. Acids Research 12 p387). Examples of other software that
can perform sequence comparisons include, but are not limited to, the BLAST package

(see Ausubel et al 1999 Short Protocols in Molecular Biology, 4™ Ed — Chapter 18),

- FASTA (Altschul er al 1990 J. Mol. Biol. 403-41‘0) and the GENEWORKS suite of

comparison tools. Both BLAST and FASTA are available for offline and online
searching (see Ausubel et al 1999, pages 7-58 to 7-60). However, for some
applications, it is preferred to use the GCG Bestfit program. A new tool, called
BLAST 2 Sequences is also available for comparing protein and nucleotide sequence

(see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1):
187-8 and tatiana@ncbi.nlm.nih.gov).

Although the final % homology can be measured in. terms of identity, the. alignment
process itself is typically not based on an all-or-nothing: pair comparison:: Instead, a
scaled similarity score matrix is- generally-used that assigns scores-to each:pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the
BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied (see usér manual for
further details). For some applications, it is preferred to use the public default values
for the GCG package, or in the case of other software, the default matrix, such as

BLOSUMS62.

Alternatively, percentage homologies may be calculated using the multiple alignment --
feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to

" CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of

the sequence comparison and generates a numerical result.
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The sequences may also have deletions, insertions or substitutions of amino acid
residues which produce a silent change and result in a functionally equivalent
substance. Deliberate amino acid substitutions may be made on the basis of similarity
in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues as long as the secondary binding activity of the substance is
retained. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and amino
acids with uncharged polar head groups having similar hydrophilicity values include
leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine,

phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the Table below.
Amino acids in the same block in the second column and preferably in the same line in

the third column may be substituted for each:other:

ALIPHATIC Non-polar GAP
ILV

Polar — uncharged CSTM
NQ
Polar — charged DE
KR

AROMATIC HFWY

’Iﬁé .present invention also ehcompasses homologous s;ﬁbstimtion (substitution and
replacement are both used herein to mean the interchange of an existing amino acid
.'residue, with an alternative residue) that may'occur i.e. like-for-like substitution such
as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution
may also occur i.c. from one class of residue to another or alternatively involving the

inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z),
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diaminobutyric acid omithine (hereinafter referred to as B), norleucine ornithine
(hereinafter referred to as O), pyriylalanine, thienylalanine, naph_thylalanine and
phenylglycine.

Replacements may also be made by unnatural amino acids.

Variant amino acid sequences may include suitable spacér groﬁps that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as
methyl, ethyl or propyl! groups in addition to amino acid spacers such as glycine or B-
alanine residues. A further form of variation, involves the presénce of one or more
amino acid residues in peptoid form, will be well understood by those skilled in the art.
For the avoidance of doubt, “the peptoid form” is used to refer to variant amino acid
residues wherein the a-carbon substituent group is on the fesidue’s nitrogen atom
rather than the a-carbon. Processes for preparing peptides in the peptoid form are
known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and
Horwell DC, Trends Biotechnol. ( 1995) 13(4), 132-134.

Nucleotide sequences for use in the present invention or encoding a polypeptide
having the specific properties defined herein may include within them synthetic or
modified nucleotides. A number of different types of modification to oligonucleotides
are known in the art. These include methylphosphonate and phosphorothioate
backbones and/or the addition of acridine or polyiysine chains at the 3' and/or 5' ends
of the molecule. For the purposes of the present invention, it is to be understood that
the nucleotide sequences described herein may be modified by any method available in
the art. Such modifications may be carried out in order to enhance the in vivo activity

or life span of nucleotide sequences.

The present invention also encompasses the use of nucleotide sequences that are
complementary to the sequences discussed herein, or any derivative, fragment or
derivative thereof. If the sequence is complementary to a fragment thereof then that
sequence can be used as a probe to identify similar coding sequences in other

organisms etc.
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Polynucleotides which are not 100% homologous to the sequences of the present
invention but fall within the scope of the invention can be obtained in a number of ways.
Other variants of the sequences described herein may be obtained for example by probing
DNA libraries made from a range of individuals, for example individuals from different
populations. In addition, other viral/bacterial, or cellular homologues particularly cellular
homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may
be obtained and such homologues and fragments thereof in general will be capable of
selectively hybridising to the sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cDNA. libraries made from or genomic DNA
libraries from other animal species, and probing such libraries with probes comprising all
or part of any one of the sequences in the attached sequence listings under conditions of
medium to high stringency. Similar considerations apply to obtaining species
homologues and allelic variants of the polypeptide or nucleotide sequences of the

invention.

Variants and strain/species homologues may also be obtained using degenerate PCR

which will use primers designed to target sequences within the variants and homologues

_ encoding conserved amino acid sequences within the sequences of the present invention.

Conserved sequences can be predicted, for example, by aligning the amino acid
sequences from several variants/homologues. Sequence alignments can be performed

using computer software known in the art. For example the GCG Wisconsin PileUp
program is widely used. '

The primers used in degenerate PCR will contain one or more degenerate positions and
will be-used at stringency conditions lower than those used for cloning sequences with

single sequence primers against known sequences.

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of
characterised sequences. This may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a particular host cell in which the
polynucleotide sequences are being expressed. Other sequence changes may be desired
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in order to introduce restriction polypeptide recognition sites, or to alter the property or
function of the polypeptides encoded by the polynucleotides.

Polynucleotides (nucleotide éequenc&s) of the invention may be used to produce a primer,
e.g. a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labelled
with a revealing label by conventional means using radioactive or non-radioactive labels,
or the polynucleotides may be cloned into vectors. Such primers, probes and other
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40
nucleotides in length, and are also encompassed by the term polynucleotides of the

invention as used herein.

Polynucleotides such as DNA polynucleotides and probes according to the invention may -
be produced recombinantly, synthetically, or by any means available to those of skill in
the art. They may also be cloned by standard techniques.

In general, primers will be produced by synthetic means, involving a stepwise
manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques

for accomplishing this using automated techniques are readily available in the art.

Longer polynucleotides will generally be produced using recombinant means, for
example using a PCR (polymerase.chain reaction) cloning techniques. This w1]1 involve
making a pair of primers (e.g. of about 15 to 30 nucleotides) flanking a region of the lipid
targeting sequence which it is desired to clone, bringing the primers into contact with
mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain
reaction under conditions which bring about amplification of the desired region, isolating
the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and
recovering the amplified DNA. The primers may be designed to contain suitable
restriction enzyme recognition sites so that the amplified DNA can be cloned into a

suitable cloning vector.

HYBRIDISATION
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The present invention also encompasses sequences that are complementary to the
sequences of the present invention or sequences that are capable of hybridising either

to the sequences of the present invention or to sequences that are complementary

thereto.

The term “hybridisation” as used herein shall include “the process by which a strand of
nucleic acid joins with a complementary strand through base pairing” as well as the
process of amplification as carried out in polymerase chain reaction (PCR)

technologies.

The present invention also encompasses the use of nucleotide sequences that are
capable of hybridising to the sequences that are complementary to the subject

sequences discussed herein, or any derivative, fragment or derivative thereof.

The present invention also encompasses sequences that are complementary to

sequences that are capable of hybridising to the nucleotide sequences discussed herein.

Hybridisation conditions are based on the melting temperature (Tm) of the nucleotide
binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and

confer a defined "stringency” as explained below.

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the
probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at
about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm.

"" As will be understood by those of skill in the art, a maximum stringenicy hybridisation

can be used to identify or detect identical nucleotide sequences while an intermediate

(or low) stringency hybridisation can be used to identify or detect similar or related

polynucleotide sequences.

Preferably, the present invention encompasses sequences that are complementary to

sequences that are capable of hybridising under high stringency conditions or
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intermediate stringency conditions to nucleotide sequences encoding polypeptides

having the specific properties as defined herein.

More preferably, the present invention encompasses sequences that are complementary
to sequences that are capable of hybridising under high stringeﬁt conditions (e.g. 65°C
and 0.1xSSC {1xSSC =-0.15 M NaCl, 0.015 M Na-citrate pH 7.0}) to nucleotide
sequences encoding polypeptides having the specific properties as defined herein.

The present invention also relates to nucleotide sequences that can hybridise to the
nucleotide sequences discussed herein (including complementary sequences of those

discussed herein).

The present invention also relates to nucleotide sequences that are complementary to
sequences that can hybridise to the nucleotide sequences discussed herein (including

complementary sequences of those discussed herein).

Also included within the scope of the present invention are polynucieotide sequences

that are capable of hybridising to the nucleotide sequences discussed herein under

conditions of intermediate to maximal stringency.

In a preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,

under stringent conditions (e.g. 50°C and 0.2xSSC).

In a more preferred aspect, the present invention covers nucleotide sequences that can

hybridise to the nucleotide sequences discussed herein, or the complement thereof,

_under high stringent conditions (e.g. 65°C and 0.1xSSC).

EXPRESSION OF POLYPEPTIDES

A nucleotide sequence for use in the present invention or for encoding a polypeptide

having the specific properties as defined herein can be incorporated into a recombinant
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replicable vector. The vector may be used to replicate and express the nucleotide
sequence, in polypeptide form, in and/or from a compatible host cell. Expression may
be controlled usiﬁg control sequences which include promoters/enhancers and other
expression regulation signals. Prokaryotic promoters and promoters functional in
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be
used. Chimeric promoters may also be used comprising sequence elements from two

or more different promoters described above.

The polypeptide produced by a host recombinant cell by expression of the nucleotide
sequence may be secreted or may be contained intracellularly depending on the
sequence and/or the vector used. The coding sequences can be designed with signal
sequences which direct secretion of the substance coding sequences through a

particular prokaryotic or eukaryotic cell membrane.

EXPRESSION VECTOR
The term "expression vector” means a construct capable of in vivo or in vitro expression,

Preferably, the expression vector is incorporated in the genome of the organism. The term

“incorporated” preferably covers stable incorporation into the genome.

The nucleotide sequence of the present-invention or coding for a polypeptide having
the specific properties as defined herein may be present in a vector, in which the

nucleotide sequence is operably linked to regulatory sequences such that the regulatory

_sequences are capable of providing the expression of the nucleotide sequence by a

suitable host organism, i.e. the vector is an expression vector.

The vectors of the present invention may be transformed into a suitable host cell as
described below to provide for expression of a polypeptide having the specific

properties as defined herein.
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The choice of vector, e.g. plasmid, cosmid, virus or phage vector, will often depend on

the host cell into which it is to be introduced.

The vectors may contain one or more selectable marker genes — such as a gene which
confers antibiotic resistance e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin
resistance. Alternatively, the selection may be accomplished by co-transformation (as

described in W091/17243).

Vectors may be used in vitro, for example for the production of RNA or used to

transfect or transform a host cell.

Thus, in a further embodiment, the invention provides a method of making nucleotide
sequences of the present invention or nucleotide sequences encoding polypeptides
having the specific properties as defined herein by introducing a nucleotide sequence
into a replicable vector, introducing the vector into a compatible host ceil, and growing

the host cell under conditions which bring about replication of the vector.

The vector may furthér comprise a nucleotide sequence enabling the vector to replicate
in the host cell in question. Examples of such sequences are the origins of replication

of plasmids pUC19, pACYC177, pUB110, pE194, pAMBI1 and plJ702.

REGULATORY SEQUENCES

In some applications,- a nucleotide sequence for use m the present invention or a
nucleotide sequence encoding a polypeptide having the specific properties as defined
herein may be operably linked to a regulatory sequence which is capable of providing
for the expression of the nucleotide sequence, such as by the chosen host cell. By way
of example, the present invention covers a vector comprising the nucleotide sequence

of the present invention operably linked to such a regulatory sequence, i.e. the vector is

an expression vector.
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The term "operably linked" refers to a juxtaposition wherein the components described
are in a relationship permitting them to function in their intended manner. A
regulatory sequence "operably linked" to a coding sequence is ligated in such a way

that expression of the coding sequence-is achieved under conditions compatible with

the conirol sequences.

The term “regulatory sequences” includes promoters and enhancers and other

expression regulation signals.

“The term "promoter” is used in the normal sense of the art, e.g. an RNA polymerase

binding site.

Enhanced expression of the nucleotide sequence encoding the enzyme having the
specific properties as defined herein-'may also be achieved by the selection of

heterolégous regulatory regions, e.g: promoter, secretion leader and terminator

regions.

Preferably, the nucleotide sequence of the present invention may be operably linked to at

least a promoter.

Examples of suitable promoters for directing the transcription of the nucleotide

sequence in a bacterial, fungal or yeast host are well known. in the art.

CONSTRUCTS

The term "construct” - which is synonymous with terms such as "conjugate”, "cassette”
and "hybrid" - includes a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein for use according to the present invention directly or
indirectly attached to a promoter. An example of an indirect attachment is the provision
of a suitable spacer group such as an intron sequence, such as the Shl-intron or the ADH

intron, intermediate the promoter and the nucleotide sequence of the present invention.

The same is true for the term "fused" in relation to the present invention which includes -
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direct or-indirect attachment. In some cases, the terms do not cover the natural
combination of the nucleotide sequence coding for the protein ordinarily associated with
the wild type gene promoter and when they are both in their natural environment.

The construct may even contain or express a marker which allows for the selection of the

genetic construct.

For some applications, preferably the construct comprises at least a nucleotide

- sequence of the present invention or a nucleotide sequence encoding a polypeptide

having the specific properties as defined herein operably linked to a promoter.

HOST CELLS

The term “host cell” - in:relation to the present invention includes any cell that
comprises-either a nucleotide. sequence encoding a polypeptide. having the specific
properties as defined herein or an expression vector as.described-above and which is
used in the recombinant production of a polypeptide having the specific properties as

defined herein.

Thus, a further embodiment of the present invention provides host cells transformed or
transfected with a nucleotide séquence of the present invention or a nucleotide
sequence that expresses a polypeptide having the specific properties as defined herein.
The cells will be chosen to be compatible with the said vector and may for example be
prokaryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host

cells are not human cells.

Examples of suitable bacterial host organisms are gram negative bacterium or gram

positive bacteria.

Depending on the nature of the nucleotide sequence encoding a polypeptide having the
specific properties as defined herein, and/or the desirability for further processing of
the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred.
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In general, yeast cells are preferred over fungal cells because they are easier to
manipulate. However, some proteins are either poorly secreted from the yeast cell, or
in some cases are not processed properly (e.g. hyperglycosylation in yeast). In these

instances, a different fungal host organism should be selected.

The use of suitable host cells, such as yeast, fungal and plant host cells — may provide
for post-translational modifications (e.g. myristoylation, glycosylation, truncation,
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to

confer optimal biological activity on recombinant expression products of the present

invention.

The host cell may be a protease deficient or protease minus strain.

ORGANISM

The term "organism” in relation to the present invention includes any organism.that :
could comprise a nucleotide sequence according "to -therpresent invention or a
nucleotide sequence encoding for a polypeptide having the specific properties as
defined herein and/or products obtained therefrom.

Suitable organisms may include a prokaryote, fungus, yeast or a plant.

The term "transgenic organism” in relation to the present invention includes any
organism that comprises a nucleotide sequence coding for a polypeptide having the
specific properties as defined herein and/or the products obtained therefrom; and/or
wherein a promoter can allow expression of the nucleotide sequence coding for a
polypeptide having the specific properties as defined herein within the organism.

Preferably the nucleotide sequence is incorporated in the genome of the organism.

The term “transgenic organism™ does not cover native nucleotide coding sequences in
their natural environment when they are under the control of their native promoter

which is also in its natural environment.
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Therefore; the transgenic organism of the present invention includes an organism
comprising any one of, or  combinations of a nucleotide sequence coding for a
polypeptide having the specific properties as defined herein, constructs as defined
herein, vectors as defined herein, plasmids as defined herein, cells as defined herein, or
the products thereof. For example the transgenic organism can also comprise a

nucleotide sequence coding for a polypeptide having the specific properties as defined

herein under the control of a heterologous promoter.

TRANSFORMATION OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.

Examples of suitable prokaryotic hosts include E, coli and Bacillus subtilis.

Teachings on the transformation of prokaryotic hosts is well documented in the art, for
example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the

nucleotide sequence may need to be suitably modified before transformation - such as

by removal of introns.
In another embodiment the transgenic organism can be a yeast.

Filamentous fungi cells may be transformed using various methods known in the art —
such as a process involving protoplast formation and transformation of the protoplasts
followed by regeneration of the cell wall in a manner known. The use of Aspergillus

as a host microorganism is described in EP 0238 023.

- Another host organism can be a plant. A review of the general techniques used for

tranéforming plants may be found in articles by Potrykus (dnnu Rev Plant Physiol
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech
March/April 1994 17-27). Further teachings on plant transformation may be found in
EP-A-0449375.
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General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.

TRANSFORMED FUNGUS

A host organism may be a fungus - such as a filamentous fungus. Examples of suitable
such hosts include any member belonging to the genera Thermomyces, Acremonium,

Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like.

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which
states that standard techniques for transformation of filamentous fungi and culturing '
the fungi are well known in the art. An extensive review of techniques as applied to N.
crassa is found, for example in Davis and de Serres, ‘Methods Enzymol (1971) 17A:
79-143.

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707.

In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus

niger.

A transgenic Aspergillus according to the present invention can also be prepared by
following, for example, the teachings of Tumer G. 1994 (Vectors for genetic
manipulation. In: Martinelli S.D., Kinghorn J.R. (Editors) Aspergillus: 50 years on.
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666).

Gene expression in-ﬁlamentous fungi has been reviewed in Punt ef al. (2002) Trends
Biotechnol 2002 May; 20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)

17(4):273-306.
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TRANSFORMED YEAST
In another embodiment, the transgenic organism can be a yeast.

A review of the principles of heterologous gene expression in yeast are provided in, for
example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997)
Oct;8(5):554-60 ‘

In this regard, yeast — such as the species Saccharomyces cerevisi or Pichia pastoris (see

FEMS Microbiol Rev (2000 24(1):45-66), may be used as a vehicle for heterologous

gene expression.

A review of the principles of heterologous gene expression in Saccharontyces cerevisiae
and secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a
vehicle for the expression: of heterologous. genes", Yeasts, Vol 5, Anthony H Rose and -

J Stuart Harrison,.eds, 2nd edition, Academic Press Litd.). -

For the transformation of yeast, several transformation protocols have béen-developed.
For example, a transgenic Saccharomyces according to the present invention can be
prepared by following the teachings of Hinnen ef al., (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,
104); and Ito, H et al (1983, J Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various selecive markers — such as

auxotrophic markers dominant antibiotic resistance markers.

A suitable yeast host organism can be selected from the biotechnologically relevant
yeasts species such as, but not limited to, yeast species selected from Pickia spp.,
Hansenula spp., Kluyveromyces, Yarrowinia spp., Saccharomyces spp., including S.

cerevisiae, or Schizosaccharomyce spp. including Schizosaccharomyce pombe.
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A strain of the methylotrophic yeast species Pichia pastoris may be used as the host

organism.

In one embodiment, the host organism may be a Hansenula species, such as H

polymorpha (as described in WO01/39544).
TRANSFORMED PLANTS/PLANT CELLS

A host organism suitable for the present invention may be a plant: A review of the
general techniques may be found in articles by Potrykus (dnnu Rev Plant Physiol Plant
Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April
1994 17-27), or in W001/16308. The transgenic plant may produce enhanced levels of
phytosterol esters and phytostanol esters, for example.

Therefore the present invention also relates to-a method: for the production of a transgenic
plant with enhanced levels of phytosterol esters and phytostanol esters, comprising.the
steps of transforming a plant cell with.a lipid- acyltransferase-as defined herein (i
particular with an expression vector or construct comprising a lipid acyltransferase as

defined herein), and growing a plant from the transformed plant cell.

SECRETION

Often, it is desirable for the polypeptide to be secreted from the expression host into
the culture medium from where the. enzyme may be more easily recovered. According
to the present invention, the secretion leader sequence may be selected on the basis of

the desired expression host. Hybrid signal sequences may also be used with the

context of the present invention.

Typical examples of heterologous.secretion leader sequences are those originating
from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces,

Kluyveromyces and Hansenula) or the a-amylase gene (Bacillus).
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DETECTION

A variety of protocols for detecting and measuring the expression of the amino acid
sequence are known in the art. Examples include enzyme-linked immunosorbent
assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting
(FACS).

A wide variety of labels and conjugation techniques are known by those skilled in the

art and can be used in various nucleic and amino acid assays.

A number of companies such as Pharmacia Biotech (Piscataway, NJ), Promega
(Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial kits

and protocols for these procedures.

Suitable reporter molecules . or labels include. those ;radionuclides; enzymes, .
fluorescent, chemiluminescent, or chromogenic agents as, well as sﬁbstrates, cofactors,.
inhibitors, magnetic-particles and the like. Patents teaching the use of such labels

inc]ude; US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A-

4,277,437; US-A-4,275,149 and US-A-4,366,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

A polypeptide having the specific properties as defined herein may be produced as a
fusion protein, for example to aid in extraction and purification thereof. Examples of
fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA
binding and/or transcriptional activation domains) and B-galactosidase. It may also be
convenient to include a proteolytic cleavage site between the fusion protein partner
and the protein sequence of interest to allow removal of fusion protein sequences.

Preferably the fusion protein will not hinder the activity of the protein sequence.
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Gene fusion expression systems in E. coli have been reviewed in Curr. Opin.

Biotechnol. (1995) 6(5):501-6.

In another embodiment of the invention, the amino acid sequence of a polypeptide
having the specific properties as defined herein may be ligated to a heterologous
sequence to encode a fusion protein. For example, for screening of peptide libraries for
agents capable of affecting the substance activity, it may be useful to encode a
chimeric substance expressing a heterologous epitope that is recognized by a

commercially available antibody.

The invention will now be described, by way of example only, with reference to the

following Figures and Examples.

Figure 1 shows a pfam00657 consensus sequence from database:versionr 6 (SEQ ID

No. I);

Figure 2 shows an amino acid sequence (SEQ ID No. 2) obtained from the organism
Aeromonas hydrophila (P10480; GI1:121051);

Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism
Aeromonas salmonicida (AAG098404; G1:9964017);

Figure 4 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number NP_631558);

Figure 5 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number: CAC42140);

Figure 6 shows an amino acid sequence (SEQ ID No. 6) obtained from the organism

Saccharomyces cerevisiae (Genbank accession number P41734);
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Figure 7 shows an alignment of selected sequences to pfam00657 consensus sequence;

Figure 8 shows a pairwise alignment of SEQ ID No. 3 with SEQ ID No. 2 showing
93% amino acid sequence identity. The signal sequence is underlined. + denotes
differences. The GDSX motif containing the active site serine 16, and the active sites
aspartic acid 116 and histidine 291 are highlighted (see shaded régions). Numbers after

the amino acid is minus the signal sequence;

Figure 9 shows a nucleotide sequence (SEQ ID No. 7) encoding a lipid acyl transferase

according to the present invention obtained from the organism Aderomonas hydrophila;

Figure 10 shows a nucleotide sequence (SEQ ID No. 8) encoding a lipid acyl

transferase according to the present invention obtained from the organism 4eromonas

salmonicida;

Figure 11 shows a nucleotide sequence (SEQ ID: No. 9) encoding a lipid acyl’ -
transferase according to the present- invention obtained- from--the - organism
Streptomyces coelicolor A3(2) (Genbank accession number
NC_003888.1:8327480..8328367);

Figure 12 shows a nucleotide sequence (SEQ ID No. 10) encoding a lipid acyl
transferase according to the present invention obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number

A1.939131.1:265480..266367);

Figure 13 shows a nucleotide sequence (SEQ ID No. 11) encoding a lipid acyl
transferase according to the present invention obtained from the organism

Saccharomyces cerevisiae (Genbank accession number Z75034);

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism
Ralstonia (Genbank accession number: AL646052);
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Figure 15 shows a nucleotide sequence (SEQ ID No. 13) encoding a lipid acyl

transferase according to the present invention obtained from the organism Ralstonia;

Figure 16 shows SEQ ID No. 20. Scoel NCBI protein accession code CAB39707.1
GI:4539178 conserved hypothetical protein [Streptomyces coelicolor A3(2)];

Figure 17 shows a nucleotide sequence shown as SEQ ID No. 21 encoding NCBI
protein accession code CAB39707.1 GI:4539178 conserved hypothetical protein

[Streptomyces coelicolor A3 @)1

Figure 18 shows an amino acid shown as SEQ ID No.22. Scoe2 NCBI protein
accession code CAC01477.1 GI:9716139 conserved hypothetical protein

[Streptomyces coelicolor A3(2)];

Figure 19 shows a nucleotide sequence shown as SEQ ID No. 23 enccding Scoe2
NCBI protein accession code CAC01477.1 GI:9716139 conserved hypothetical

protein [Streptomyces coelicolor A3(2)];

Figure 20 shows an amino acid sequence (SEQ ID No.24) Scoe3 NCBI protein
accession code CAB88833.1 GI:7635996 putative secreted protein. [Streptomyces

coelicolor A3(2);

Figure 21 shows a nucleotide sequence shown as SEQ ID No. 25 encoding Scoe3
NCBI protein accession code CAB88833.1 GI:7635996 putative secreted protein.
[Streptomyces coelicolor A3(2)];

Figure 22 shows an amino acid sequence (SEQ ID No.26) Scoe4 NCBI protein
accession code CAB89450.1 GI:7672261 putative secreted protein. [Streptomyces

coelicolor A3(2)];
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Figure 23 shows an nucleotide sequence shown as SEQ ID No. 27 encoding Scoe4
NCBI protein accession code CAB89450.1 GI:7672261 putative secreted protein.

[Streptomyces coelicolor A3(2)];

Figure 24 shows an amino acid sequence (SEQ ID No.28) Scoe5 NCBI protein
accession code CAB62724.1 GI:6562793 putative lipoprotein [Streptomyces
coelicolor A3(2)];

Figure 25 shows a nucleotide sequence shown as SEQ ID No. 29, encoding Scoe5
NCBI protein accession code CAB62724.1  GI:6562793 putative lipoprotein
[Streptomyces coelicolor A3(2)]; :

Figure 26 shows an amino acid sequence (SEQ ID No.30) Sriml NCBI protein
accession code AAKS84028.1 GI:15082088 GDSL-lipase [Sireptomyces rimosusj;

Figure 27 shows a nucleotide sequence shown as SEQ II> No. 31 encoding Sriml
NCBI protein accession code AAK84028.1 GI:15082088 GDSL-lipase [Streptomyces

rimosus];

Figure 28 shows an amino acid sequence (SEQ ID No.32)A lipid acyl transferase
from Aeromonas hydrophila (ATCC #7965);

Figure 29 shows a nucleotide sequence (SEQ ID No. 33) encoding a lipid
acyltransferase from Aeromonas hydrophila (ATCC #7965);

Figure 30 shows an amino acid sequence (SEQ ID No.34) of a lipid acyltransferase
from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);

Figure 31 shows a nucleotide sequence (SEQ ID No 35) encbdjng a lipid
acyltransferase from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);
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Figure 32 shows that homologues of the deromonas genes can be identified using the
basic local alignment search. tool service at the National Center for Biotechnology
Information, NIH, MD, USA and the completed genome databases. The GDSX motif
was used in the database search and a number of sequences/genes potentially encoding
enzymes with lipolytic activity were identified. Genes were identified from the genus
Streptomyces, Xanthomonas: and Ralstonia. As an example below, the Ralstonia
solanacearum was aligned to the Aeromonas salmonicida (satA) gene. Pairwise
alignment showed 23% identity. The active site serine is present at the amino terminus
and the catalytic residues histidine and aspartic acid can be identified;

Figure 33 shows the Pfam00657.11 [family 00657, database version 11] consensus
sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The arrows indicate the active site residues, the
underlined boxes indicate three of the -homology boxes indicated by [Upton C and
Buckley JT (1995) Trends Biochem Sci 20; 179-179]. Capital letters in the Pfam
consensus indicate conserveéd residues in many family members. The — symbol
indicates a position where the- hidden Markov model of the Pfam consensus expected
to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a éorresponding residue in the Pfam consensus. The sequences. are the amino

acid sequences listed in Figures 16, 18, 20, 22, 24, 26, 28 and 30.

Figure 34 shows the Pfam00657.11 [family 00657, database version 11] consensus
sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The arrows indicate the active site residues, the
underlined boxes indicate three of the homology boxes indicated by [Upton C and
Buckley JT (1995) Trends Biochem Sci 20; 179-179]. Capital letters -ia the Pfam
consensus indicate conservéd residues in many family members. The — symbol
indicates a position where the hidden Markov model of the Pfam consensus expected
to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a corresponding residue in the Pfam consensus. The sequences are the amino
acid sequences listed in Figures 2, 16, 18, 20, 26, 28 and 30. All these proteins were
found to be active against lipid substrates.
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Figure 35 shows a expression vector petl2-AsalGCAT= pSM containing the C-
terminal His-tagged Aeromonas salmonicida lipid acyltransferase gene;

"Figure 36 shows the results of testing cell extracts in a NEFA Kit Assay, which depicts

‘the activity of a recombinant, 4. salmonicida lipid acyltransferase, towards lecithin.

The wells from left to right indicate: a positive control, a negative control (i.e. extracts

from empty plasmid) and samples collected after 0, 1, 2 and 3 hours cultivation after
IPTG induction;

Figure 37 shows ‘growth optimisation of BL21(DE3)pLysS harboring the expression
vector pet12-AsalGCAT= pSM showing cultivation at 30 0C resulted in the production
of enzyme with high activity towards lecithin. Cell extracts were tested for
phospholipase activity using the NEFA kit assay. Wells from left to right: positive

control; negative control; 20°C; 30°C;

Figure 38 shows crude cell extracts from BL21(DE3)pLysS expressing active lipid
acyltransferase incubated with the substrate lecithin and reaction mixture was analyzed
using thin layer chromatography showing the presence of degradation products. Lanes:
1. Noenzyme;2. + Asal-10ul 37°C;3. + A.sal 20ul 37°C; 4. + Assal -

10ul 24°C; 5. +-A.sal-20u 24°C;

Figure 39 shows partial purification of the Aeromonas salmonicida Acyl Transferase
showing the phospholipase activity associated with purified His-tag protein. SE =
Sonicated extracts, His = Purified with Ni-NTA spin-kit from Qiagen;

Figure 40 shows the expression vector pet12-A.h:- GCAT=pSMa containing the C-
terminal His-tagged Aeromonas hydrophila Glycerolipid Acyl Transferase (GCAT)
gene was used to transform E.coli strain BL21(DE3)pLysS;

Figure 41 shows the activity of the crude extracts (5 & 10ul) containing the
recombinant Aeromonas hydrophila GCAT enzyme was tested towards lecithin using
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Non-Esterified Fatt.y Acid (NEFA) kit (Roche, Switzerland), showing the presence of
active enzyme towards the phospholipid, lecithin;

Figure 42 shows growth optimisation of BL21(DE3)pLysS harboring the expression
vector pet12-AsalGCAT= pSM showing cultivation at 30 0C resulted in the production
of enzyme with high activity towards lecithin. Cell extracts were tested for
phospholipase activity using the NEFA kit assay;

Figure 43 shows the partial purification of the deromonas hydrophila & A.
salmor;icida Acyl Transferases showing the phospholipase activity associated with
purified His-tag protein. SE = Sonicated extracts,

His = Purified with Ni-NTA spin-kit from Qiagen);

Figure 44 shows the expression of the Aeromonas genes in Bacillus subtilis 163
showing the production of secreted enzyme with activity towards both lecithin and
DGDG. pUB-AH= construct containing the A. hydrophila gene and pUB-AS,
construct with the A. salmonicida gene, Culture filtrate was incubated with the

substrates for 60 minutes.

Figure 45 shows an amino acid sequence (SEQ ID No. 36) of the fusion construct used
for mutagenesis of the Aeromonas hydrophila lipid acyliransferase gene in Example

17. The underlined amino acids is a xylanase signal peptide;

Figure 46 shows a nucleotide sequence (SEQ ID No. 45) encoding an enzyme from
Aeromonas hydrophila including a xylanase signal peptide;

Figure 47 shows the result of the HPTLC analysis in Experiment I;

Figure 48 shows the result of the HPTLC analysis in Experiment Ii;

Figure 49 shows a calibration curve for monoglyceride standard solutions;
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Figure 50 shows a calibration curve for diglyceride standard solutions.

Figure 51 shows a nucleotide sequence encoding a lipid acyltransferase enzyme
according to the present invention from Streptomyces (SEQ ID No. 54);

Figure 52 shows a polypeptide sequence of a lipid acyltransferase enzyme according to
the present invention from Streptomyces (SEQ ID No. 55);

EXAMPLES

For the avoidance of doubt, the following abbreviations may be used herein:
MONO = monoglyceride

MAG = monoacylglycerol = monoglyceride

MAG and MONO are interchangeable herein.

DAG = diacylglycerol

FFA = free fatty acid

EXAMPLE 1: The cloning, sequencing and heterologous expression of a

transferase from Aeromonas salmonicida subsp. Salmonicida

Strains used:
Aeromonas salmonicida subsp. Salmonicida (ATCC 14174) was obtained from ATCC

and grown overnight at 30°C in Luria-Bertani medium (LB). The cells were
centrifuged and genomic DNA was isolated using the procedures for genomic DNA
isolation from Qiagen Ltd. Genomic DNA buffer set (cat.19060), protease K (cat.
19131) and RNAse A (cat. 19101) were all obtained from Qiagen Ltd. (Boundary
court Gatwick Court, West Sussex, RH10 2AX).

Host bacterial strain BL21(DE3)pLysS (Novagen) was used for production of the
recombinant Aeromonas enzymes. Competent cells of BL21(DE3)pLysS were used as
host for transformation with the expression vector petl2-AsalGCAT=pSM.
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Transformants containing the appropriate plasmid were grown at 37 °C in LB agar

medium containing 100-ug ampicillin/ml.
Construction of expression vector pet12-AsalGCAT- pSM:

For all DNA amplifications of the transferase genes from 4eromonas, genomic DNA
(0.2-1 ul) was used as template and pfu DNA polymerase (2.5 units) was used with
10ul of 10x pfu buffer, 1ul each primer (50pmol/ul), 200 uMdNTP in a total reaction
volume of 100ul. PCR reactions were performed in a programmable thermal cycler
using the following conditions: 95 °C for 30 seconds, 30 cycles of 95 °C for 30
seconds, 60 °C for 1 minute and 68 °C for 2 minutes. An additional extension of 5

minutes at 72 °C was applied.

The PCR amplification of the transferase gene from A. salmonicida was carried in 2
separate PCR reactions. PCR reaction 1 was performed using primer pairs,
aslUSNEW(5'AGCATATGAAAA AATGGTTTGT TTGTTTATTG GGG 3' [SEQ

. ID No. 56]) and asls950new (5' GTG ATG GTG GGC GAG GAA CTC GTA CTG3'

[SEQ ID No. 37]). A second PCR reaction was performed to incorporate a C-terminal
Histidine tag using the PCR product from the first reaction and the primers:
aslUSNEW(S’AGCATATGAAAA AATGGTTTGT TTGTTTATTG GGG 3' [SEQ
ID No. 38]) and AHLS1001(5TTGGATCC GAATTCAT CAATG GTG ATG GTG
ATG GTG GGC3' {SEQ ID No. 39]). The PCR product from the second reaction was
purified and digested with restriction enzymes Ndel and BamHI. 2 ug of pET 12a
vector DNA was also digested with restriction enzymes Ndel and BamHI and treated
with phosphatase. The restriction enzyme-treated petl2a and PCR product from
reaction 2 ‘were purified and ligated using the Rapid Ligation Kit (Roche, .
Switzerland). The ligation mix was used to transform E. coli TOP10 cells.

. Transformants were plated on LB agar medium containing 100ug/ml ampicillin.

The T7 promoter primer (STAATACGACTCACTATAG3' [SEQ ID No. 40]) and the
T7 terminator primer (S'CTAGTTATTGCTCAGCGG3' [SEQ ID No. 41]) were used
to verify the sequences and the orientation of the cloned transferase genes in pET12a
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vector. DNA sequencing was performed using ABI Prism® BigDye™ Terminators
Cycle sequencing kit with 500ng plasmid DNA as template and 3.2pmol T7 promoter

and terminator primers.

5 The construct shown in Figure 35 was used to transform competent bacterial host strain

10

15

20

25

30

BL21(DE3)pLysS (Novagen) and ampicillin resistant transformants were picked and

used for expression analysis:’

Expression of the recombinant deromonas salmonicida lipid acyltransferase

Quantification of enzyme aetivity towards lecithin was determined on cell extracts
using Non-Esterified Fatty Acid (NEFA) kit (Roche, Switzerland).

In Figure 36, BL21(DE3)pLysS harboring the expression vector petl2-AsalGCAT=
pSM was grown in LB medium + 100ug/ml ampicillin and incubated with shaking at

* 37°C until ODgg = 0.6 t01:0 is reached. The cultures are then induced using IPTG

(0.4mM) and incubation was continued for the next 3 hours. Samples where taken at 0
hour, 1, 2, and 3 hours after IPTG induction. Enzyme Activity was tested using the
NEFA kit and lecithin as substrate.

Growth Optimisation for the production of more active enzymes

BL21(DE3)pLysS harboring. the expression vector pet12-AsalGCAT= pSM was
grown in LB medium + 100ug/ml ampicillin and incubated with shaking at different
growth temperatures (37°C, 30 °C, & 20 °C). The optimal condition for the production

of active lipid acyltransferase. enzyme was when cultures are grown at 300C as shown

in Figure 37. - .

Partial purification of recombinant Aeromonas salmonicida transferase

Strain BL21(DE3)pLysS harboring the expression vector pet12-Asal GCAT=pSM
was grown at 370C & crude cell extracts were prepared by sonmication. The

recombinant enzyme was further purified from the sonicated crude cell extracts using
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the Ni-NTA spin kit from Qiagen. Phospholipase activity using the NEFA kit &
Lecithin as substrate. Crude cell extracts from BL21(DE3)pLysS expressing active
transferase incubated with the substrate lecithin and reaction mixture was analysed
using thin layer chromatography showing the presence of degradation products (see

Figure 38).

Partial Purification of recombinant Aeromonas salmonicidae transferase. Strain
BL21(DE3)pLysS harbouring the expression vector petl 2-AsalGCAT=pSM was
grown at 37°C and crude cell extracts were prepared by sonication. The recombinant
enzyme ware further purified from the sonicated crude cell extract using the Ni-NTA
spin kit from Qiagen. Phospholipase activity using the NEFA kit and lecithin as
substrate was tested (see Figure 39).

. EXAMPLE 2 Cloning and Expression of Aeronwonas hydrophila transferase in E.

coli

Aeromonas hydrophila (ATCC # 7965) was obtained from ATCC and grown
overnight at 30°C in Luria-Bertani medium A(LB)'. The cells were centrifuged and
genomic DNA was isolated using the procedures for genomic DNA isolation from
Qiagen Ltd. Genomic DNA buffer set (cat.19060), protease K (cat. 19131) and RNAse
A (cat. 19101) were all obtained from Qiagen Ltd. (Boundary court Gatwick Court,
West Sussex, RH10 2AX). '

Host bacterial strain BL21(DE3)pLysS (Novagen) was used for production of the
recombinant 4eromonas enzymes. Competent cells of BL21(DE3)pLysS were used as
host for transformation with the expression vector petl2a-A h.GCAT=pSMa.

- Transformants containing the appropriate plasmid were grown at 37 °C in LB agar

. medium containing 100-ug ampicillin/ml.

Construction of expression vector pet12a-A.h.GCAT- pSMa:
For all DNA amplifications of the transferase gene from Aeromonas, genomic DNA
(0.2-1 ul) was used as template and pfu DNA polymerase (2.5 units) was used with
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10ul of 10x pfu buffer, 1ul each primer (50pmol/ul), 200 uMdNTP in a total reaction
volumé of 100ul. PCR reactions were performed in a programmable thermal cycler
using the following conditions: 95 °C for 30 seconds, 30 cycles of 95 °C for 30

seconds, 60 °C for 1 minute and 68 °C for 2 minutes. An additional extension of 5

minutes at 72 °C was applied.

The PCR amplification of the transferase gene from A. hydrophila (ATCC # 7965) was

carried out in 2 separate PCR reactions.

PCR reaction 1 - was performed wusing primer pairs, AHUSI
(S'GTCATATGAAAAAATGGTTTGTGTGTTTATTGGGATTGGTC3', SEQ ID No.
42) and ahls950 (5S'ATGGTGATGGTGGGCGAGGAACTCGTACTG3', SEQ ID No.

43),

A second PCR reaction was performed to incorporate a C-terminal Histidine tag using

the PCR product from the first reaction and the primer pairs: * -

AHUSI(5'GTCATATGAAAAAATGGTTTGTGTGTTTATTGGGATTGGTC3' SEQ -

ID No. 44, ) . and
AHLS1001(5TTGGATCCGAATTCATCAATGGTGATGGTGATGGTGGGC3'

SEQ ID No. 57).

The PCR product from the second reaction was purified and digested with restriction
enzymes Ndel and BamHI. 2 ug of pET 12a vector DNA was also digested with
restriction enzymes Ndel and BamHI and treated with phosphatase. The restriction
enzyme-treated pet12a and PCR product from.reaction 2 were purified and ligated
using the Rapid Ligation Kit (Roche, Switzerland). The ligation mix was used to
transform E. coli TOP10 cells. Transformants were plated on LB agar medium

containing 100ug/ml ampicillin.

The T7 promoter primer (STAATACGACTCACTATAG3'") and the T7 terminator
primer (S'CTAGTTATTGCTCAGCGG3') were used to verify the sequences and the
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orientation of the cloned GCAT genes in pET12a vector. DNA sequencing was
performed using ABI Prism® BigDyeTM Terminators Cycle sequencing kit with 500ng

plasmid DNA as template and 3.2pmol T7 promoter and terminator primers.

5 'The construct shown in Figure 40 was used to transform competent bacterial host strain

10

15

20

25

BL21 (DE3)pLysS (Novagen) and ampicillin resistant transformants were picked and

used for expression analysis.

Expression of the deromonas hydrophila_transferase in BL21(DE3)pLysS

The E. coli strain BL21(DE3)pLysS harboring the expression vector petl2a-
A.h.GCAT= pSMa was grown in LB medium + 100ug/ml ampicillin and incubated
with shaking at 37°C until ODggo= 0.6 t01.0 is reached. The cultures are then induced

using [IPTG (0.4mM) and incubation was continued for the next 3 hours. Samples
where taken at Ohour, 1, 2, and 3 hours after IPTG induction. Enzyme Activity was
tested using the NEFA kit and lecithin-as substrate (Figure-41). .. = -

Growth Optimisation:for the production of more:active enzymes -

BL21(DE3)pLysS harboring the expression vector pet12a-A.h.GCAT=pSMa was
grown in LB medium + 100ug/ml ampicillin and incubated with shéking at different
growth temperatures (37°C, 30°C, & 20°C). The optimal condition for the production

of active GCAT enzyme was when cultures are grown at 300C as shown in Figure 42.

Partial purification of recombinant A./iydrophila transferase (GCAT)

Strain BL21(DE3)pLysS harboring the expression vector pet12a-A. h.GCAT=pSMa
was gro'v.vh at 3_:70C.‘ & crude cell extracts were prepared by soniéation. "The
recombinant enzyme was further purified from the sonicated crude cell extracts using
the Ni-NTA spin kit from Qiagen. Phospholipase activity assay using the NEFA kit &
Lecithin as substrate. (Figure 43).
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EXAMPLE 3: Expression of Aeromonas transferases in Bacillus subtilis 163

Plasmid Construction

Two different Bacillus subtilis expression vectors (pUB 110 & pBES5) were used for
the heterologous expression of the Aderomonas genes in Bacillus subtilis. The pUB110
vector contains the alpha amylase promoter while the pBE vector has the P32 promoter
as the regulatory region for the expression of the fused Aeromonas genes. In pUB110,
the first amino acid of the mature GCAT genes of deromonas were fused in frame
with the last amino acid of the xylanase signal peptide sequence from Bacillus subtilis
via the restriction site Nhel, creating an additional 2 amino acids in front of the mature
proteins. pBES contains the cgtase signal sequence fusion at the Ncotl site for

secretion of the recombinant proteins into the culture filtrate.

PCR reactions were carried out to obtain the deromonas genes fuse in frame to the
signal sequences of the pUB 110 and the pBES5 vectors. PCRs were performed using
the following primer pairs.for 4. hydrophila gene: *

PCR reaction 1: usAHncol (SATGCCATGGCCGACAGCCGTCCCGCC3', SEQ ID
No. 46) and IsAH (STTGGATCCGAATTCATCAATGGTGATG3', SEQ ID No. 47)

PCR reaction 2: US-Ahnhel (5'TI‘GCTAGCGCCGACAGCCG.TCCCGCC3', SEQID
No. 48.) and IsAH (5'TTGGATCCGAATTCATCAATGGTGATG3, SEQ ID No. 49)

PCRs were performed using the following primer pairs for A. salmonicida gene:

PCR reaction 3: US-Asncol (STTGCCATGGCCGACACTCGCCCCGCC3', SEQ ID
No. 50) and IsAH (STTGGATCCGAATTCATCAATGGTGATG3', SEQ ID No. 51)

PCR reaction 4: US-ASnhel (STTGCTAGCGCCGACACTCGCCCCGCC3', SEQ
ID No. 52) and IsAH (S'TTGGATCCGAATTCATCAATGGTGATG3', SEQ ID No.

53).
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All the PCR products were cloned into PCR blunt II (TOPO vector) and sequenced

with reverse & forward sequencing primers.

Clones from PCR reactions 1 & 3 were cut with Ncol & Bam HI and used as inserts
for ligation to the pBES vector cut with Ncol/BamH1/phosphatase. Clones from PCR
reactions 2 & 4 were cut with Nhel & Bam H1 and used as inserts for ligation to the

pUB vector that was cut with Nhel/BamH1/phosphatase.

Expression of the Aderomohas ~transferase gemes in Bacillus subtilis and

characterization of the enzyme activity.

The acyl transferases from the two deromonas species have been successfully
expressed in E. coli (results above). The Bacillus pUB110 & pBES5 gene fusion
constructs were used to transform Bacillus subtilis and transformants were selected by
plating on kanamycin-plates. The kanamycin resistant transformants isolated and
grown in 2xY T are capable of heterologous expression of the Aeromonas genes.in
Bacillus. The culture filtrates have digalactosyldiacylglycerol (DGDG).galactolipase
activity, in addition to having both acyl transferase and phospholipase activities. The
activity towards digalactosyldiacylglycerol (DGDG) was measured after 60 minutes of
incubation of culture supernatant with the substrate, DGDG from wheat flour
(obtainable form Sigma) as well as the activity towards lecithin as shown in Figure 44.
Bacillus produced the enzyme after overnight (20-24 hours) to 48 hours of cultivation
in the culture medium as a secreted protein. In some instances, the expression of the
Aeromonas genes has been shown to interfere with cell viability and growth in
Bacillus & E. coli, it is therefore necessary to carefully select expression strains and
optimise the growth conditions to ensure expression. For example, several-Bacillus- -
host strains (B.s 163, DB104 and OS 21) were transformed with the expression vectors
for growth comparison. B.s163 is transformable with the 2 Aeromonas genes and is
capable of expressing active protein. DB 104 is transformable with all the constructs

but is only able to express 4. salmonicida transferase.
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EXAMPLE 4: Fermentation and_ _Purification of Aeromonas lipid

acyltransferases produced in F.coli

E.coli Fermentations:

Microorganisms
Two strains of Eschericia coli, one containing an Aeromonas hydrophila (Example 2)

lipid acyltransferase and two containing Aeromonas salmonicida lipid

acyltransferases, (Example 1) were used in this study.

The E. coli strain containing the 4. Aydrophila gene was named DIDK0124 , and the
E. coli strain containing the A. salmonicida gene was named DIDKO0125. The
fermentation with DIDK0124 was named HYDRO0303 and the fermentation with
DIDKO0125 was named SAL0302. The purified protein from HYDRO025 was named .
REF#138. The purified protein from HYDROO0303 was named REF#135.

Growth media and culture conditions

LB-agar
The LB agar plates used for maintaining the strains contained: 10 g/L 'tryptone, 5¢g/L
yeast extract, 5 g/ NaCl, 15 g/L agar, 100 mg/L ampicillin and 35 mg/L

chloramphenicol. The agar plates were incubated at 30°C.

LB shake flask

The LB medium (50 mL pr shake flask) used for production of inoculum material for
the bioreactor cultivations contained: 10 g/L tryptone, 5 g/L yeast extract, 5 g/L. NaCl,
100 mg/L ampicillin and 35 mg/L chloramphenicol. “The shake flasks were inoculated
from tht; LB agar plates, and incubated ét 30°C and 200 rpm.

Bioreactor cultivation
The bioreactor cultivations were carried out in 6 L in-house built bioreactors filled

with 4 L medium containing: 10 g/L tryptone, 5 g/L yeast extract, 5 g/L. NaCl, 8 g/L
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KH,POj, 0.9 g/L MgS04,7H0, 40 g/L. glucose monohydrate, 0.4 mL/ ADD APT®
Foamstop Sin 260 (ADD APT Chemicals AG, Helmond, The Netherlands), 10 mg/L
(NH4):Fe(SO4)6H20, 0.7 mg/L CuSO45H20, 3 mg/L ZnSO47H,O, 3 mg/L
MnSO4H,0, 10 mg/L. EDTA, 0.1 mg/L. NiSO46H;0, 0.1 mg/L CoCl,, 0.1 mg/L
H3BO4, 0.1 mg/L KI, 0.1 mg/L Na,MoO42H;0, 1 g/L ampicillin and 35 mg/L

chloramphenicol.

The bioreactors were inoculated with an amount of LB culture ensuring end of growth
after approximately 20 hours of cultivation (calculated from the maximum specific
growth rate of 0.6 h"', the ODggo of the LB shake flask and the final ODgg in the

bioreactor of approximately 20).

SAL0302 was inoculated with 10 mL of LB culture, and HYDRO0303 was inoculated
with 4 mlL of LB culture.

The bioreactors were operated at the following conditions: temperature'30°C, stirring
800-1000 rpm (depending on experiment), aeration 5 L/min, pH-6.9, pH control 8.75%
(w/v) NH;-water and 2 M H,SO4. Induction was achieved by addition of isopropyl f-
D-thiogalactoside to a final concentration of 0.6 mM, when 0.4 moles (HYDRO0303)

and 0.7 moles CO;, was produced respectively.

Harvest
The following procedure was used for harvest and homogenisation of the biomass:

1) The fermentation broth from the fermentations was centrifuged at 5000 x g and
4°C for 10 minutes, and the supernatant was discharged. The biomass was
stored at —20°C until use. The biomass was thawed and resuspended in- 500 mL;
of 20 mM NaH,PO4, pH 7.4, 500 mM NaCl, 10 mM Imidazole and Complete
(EDTA-free) protease inhibitor (Roche, Germany).

2) The suspended biomass was homogenized at 2 kbar and 4°C in a cell disrupter
from Constant Systems Ltd (Warwick, UK).

3) The cell debris was removed by centrifugation at 10.000 x g and 4°C for 30

minutes followed by collection of the supernatant.
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4) ‘The supernatant was clarified further by centrifugation at 13.700x g and 4°C
for 60 minutes, followed by collection of the supernatant.

5) The supematant was filtered through 0.2 pm Vacu Cap filters (Pall Life
Sciences, UK) and the filtrate was collected for immediate chromatographic

purification.

Chromatographic purification of the Transferases
A column (2.5 x 10 cm) was packed with 50 ml of Chelating Sepharose ff. gel and

charged with Ni-sulphate (according to the method described by manufacturer,
Amersham Biosciences). The column was equilibrated with 200 ml of 20 mM
NaH,PO04, pH 7.4, 500 mM NaCl, 10 mM Imidazole. 400 m! of crude was applied to
the column at a flow rate of 5 mli/min. The column was then washed with 20 mM
NaH,P04, pH 7.4, 500 mM NaCl, 10 mM Imidazole until the UV3q reached the base
line. The GCAT was then eluted with 40 ml of 20 mM NaH,PO,4, pH 7.4, 500 mM
NaCl and 500 mM Imidazole.

EXAMPLE 5: Fermentation and Purification of Aeromonas lipid

acyltransferases produced in Bacillus subtilis.

Fermentations
BAC0318-19, BAC0323-24

Microorganism _
The microorganisms used in this study originate from transformation of a Bacillus

subtilis host strain, #163 with a plasmid containing the gene encoding the Aeromonas
salmonicida transferase inserted in the vector pUB1100IS. The expression of the gene
is controlled by an alpha-amylase promoter, and the secretion of the transferase is
mediated by the B. subfilis xylanase signal sequence (Example 3). The strains were
named DIDK0138 (fermentation BACO0318-19) and DIDKO0153 (fermentation

BAC0323-24).
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Growth media and culture conditions

Pre culture medium
A shake flask (500 mL total volume, with baffles) was added 100 mL of a medium

containing:

NaCl 5g/L
K;HPO, 10 g/L
Soy flour 20 g/L

Yeast extract, BioSpringer 106 20 g/L

. Antifoam, SIN260 5mL/L

pH was adjusted to 7.0 before autoclaving

After autoclaving 6 mL: 50% (w/w) Nutriose were added pr flask. Kanamycin was
added at a concentration of 50 mg/L. after autoclaving.

Inoculation
A pre culture shake flask was inoculated with frozen culture directly from a 25% (w/v)

glycerol stock. The shake flask was incubated at 33°C and 175 rpm for approximately

16 hours, whereupon 50 mL was used to inoculate the fermentor.

Fermentations

The fermentations were carried out in 6 L in house built fermentors.

The batch medium (3 L) contained:

Com steep liquor (50% dw) ‘ 40 g/L
Yeast extract BioSpringer 153 (50% dw) - 10 g/
NaCl . SglL .- -
CaCl,, 2H,0 025 g/l
Mn(NOs),, H,O 0.2¢g/L
Antifoam SIN260 1 mL/L

Kanamycin (filter sterilised to the fermentor after autoclaving 50 mg/L

The feed contained:
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Glucose monohydrate 540 g/kg
MgSO,, 7THO - 4.8 g/kg
Antofoam SIN260 _ 4 mL/kg
Yeast extract, BioSpringer 153 (50% dw) 150 g/kg

(autoclaved separately)

The feed in fermentation -BAC0318 and BACO0323 was started based on the

accumulated CO,, according to the equations below:

Feed — flow|g/h] = 0, AcCO, <0.15
Feed — flow[g/h] = 2.85+t-1.54, Ac€0, > 0.15and t <12
Feed —flow[g/h] = 21.3,t >12

t: time (hours) from: the point when the accumulated CO,.(AcCO,) reached 0.15 moles.

The feed in fermentation BAC0319 and BAC0324° was started based on. the

accumulated CO,, according to the equations below:

Feed — flow[g/h] = 0, AcCO, <0.15
Feed —flow[g/h]= 2.0 +t-1.08, AcCO, >0.15and t <12

Feed —flow[g/h]=15,t > 12

t: time (hours) from the point when the accumulated CO, (AcCO,) reached 0.15 moles.

The pH was controlled at 7.0 by adding 12.5% (w/v) NH;-water or 2M phosphoric
acid.
The aeration was 3 L/min corresponding to 1 vvm.

The temperature was 33°C.
The fermentor was equipped with two 8 cm @ Rushton impellers placed with a distance of 10

cm.
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Harvest
The biomass was removed by centrifugation at 16,000x g for 10 minutes at room

temperature. The supernatant was filter sterilized, and the filtrate was used for

purification and application tests.

EXAMPLE 6: Enzymatic removal of DAGs in palm oil catalysed by a lipid

acyltransferase from Aeromonas salmonicidae.

SUMMARY

The enzymatic glycerolysis experiments were initiated by the addition of the
glycerol/transferase solution to the reactor containing palm oil and glycerol/water in

varying concentrations. All the reactions were conducted at 43°C, using magnetic

stirring for 24 hours. After reaction, the samples were analyzed using HPTLC,and in . ~

some experiments the result was confirmed by GC analysis. The conducted. trials"
showed that there was a goéd correlation between the  water:concentration :and levels. -
of DAGs and MAGs, respectively: the lowest water concentrations tested gave the
highest MAG level and the lowest DAG level.

Based on the trials, it can be concluded that it was possible to reduce the amount of
DAG:s in palm oil by a transferase-catalysed reaction where the enzyme used DAGs as
donor molecules and glycerol as acceptor molecule - in a glycerolysis reaction in
which monoglycerides were synthesized. This was in contrast to the glycerolysis

reaction with conventional triglyceride hydrolyzing lipases where the amount of DAG

increases.

Furthermore, it can be concluded that the water concentration has a significant impact
on the synthesized yield of monoglycerides and amount of DAG. The following
correlation was found: Low water concentration (<1%) and 5% glycerol gives
increased MAG yield and decreased concentration of DAGs. The obtained results also

show that primarily 1,2 isomer of diglyceride tend to be reduced.
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It is known' that diglycerides, especially 1,2 isomers delay the crystallization of fat.
This effect causes post-crystallization of fat products like margarine and shortenings,
which favors formation of large crystals (sandiness). In certain fat blends it was
observed that diglycerides improve the stability of B’crystals. A reduction but not a
complete removal of diglycerides in palm oil would therefore be preferable. It can thus
be concluded that a reduction of diglyceride will result in a better and more uniform oil
quality; a fact, which must not be underestimated. ‘

INTRODUCTION

Problems concerning diglycerides depend to some extent on type of product, e.g.
whether it is in margarine and shortenings. Thus, depending on the product the
presence of diglycerides both have negative and positive effects. For margarine
production, only fat product of a required crystal-structure can-ber used in.order to
obtain proper- consistency and plasticity: The p’-crystal form is the most. required
structure, showing small crystals and 2 high ability for maintaining the liquid fraction..
The most stable crystal form (B-form) is undesirable, as having big crystals causes
grained structure of the margarine. According to Hemnquist & Anjou (1993) and
Wahnelt et al. (1991) the presence of diglycerides in fat retard the transition from B’ to
B-crystal. But as diglycerides retard the transition from B’ to B, they also retard the
transition from o form to f’ form (Walnet et al, 1991). For this.reason it can be
defined that the presence of diglycerides retards the whole crystallization process.
Slow crystallization has a crucial impact on margarine application. The effect of
retarding crystallization in margarine blends containing a high portion of palm oil is
that after conventional processing the product may be somewhat soft, causing packing
difficulties, and subsequent crystallization may lead to a firmer texture than desired
(Berger, 1990). In spite of advantages and disadvantages, it may be important to find
the right balance between reduced and total removal of diglycerides.

It has surprisingly been found that it is possible to reduce the amount of diglyceride in
palm oil by enzymatic glycerolysis of palm oil using a lipid acyltransferase, for
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example the GDSx lipid acyl transferase from Aeromonas salmonicida. Without
wishing to be bound by theory, in this process the enzyme is added to.palm oil together

with small amount of glycerol and the enzyme catalyses the following reaction:

O
o),\/\/\/\/\/\/\/\% + {o:. Lipid acy!
transferase

1,2 diglyceride glycerol
)"3\/\/\/\/\/\/\/\“’ "o
6 N E%‘k/\/\/\/\/\/\/\%
1- monoglyceride 2- monoglyceride

After the reaction the surplus. glycerol.can, -if deemed:necessary; easily: be separated:»

from the reaction mixture by centrifugation orother processes: -

The advantage of this process is that the amount of diglyceride (preferably 1,2
diglyceride) is reduced by a glycerolysis reaction catalysed by an enzyme which is

specific for diglyceride without using the triglyceride as donor for the transferase

reaction.

The reaction products monoglycerides do not have to be removed from the reaction
mixture, but can advantageously be used as an efficient emulsifier for the production
of food products like margarine and éhortening. The process thus solves two problems.
First of all the 'ar;xount of diglyceride is reduced and preferable 1,2-'diglyc<;ride is
removed, which has a negative impact on the crystallisation properties of the
triglycerideé. Secondly the reaction product monoglyceride can be used as an efficient

emulsifier in the production of food products like margarine and shortening.
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In one embodiment, it is preferably to remove the monoglycerides produced (if any)

by the transferase reaction.

Suitably, if the transferase reaction has been carried out in the crude palm oil, the
monoglyceride and/or glycerol and/or residues of water (if any) may be removed by a

deodorisation process during the edible oil refining process.

Another very interesting advantage of the use of the lipid acyl transferase is that this
enzyme is less dependent of the water content in the reaction mixture and because this
enzyme is a transferase low or no hydrolytic activity takes place which means that the

amount of free fatty acids do not increase significantly.

It is well known the water content in glycerolysis reactions are very important when
lipolytic enzymes like lipases are use in this process (Kristensen, 2004). Even small
amount of water, which is necessary for most lipolytic reactions will cause the
formation of significant amount of free fatty acids. This problem can be overcome by

using the lipid acyl transferase in the glycerolysis reaction.

Another aspect is that lipases known in the art to catalyse glycerolysis reaction, mainly

uses triglyceride as donor during formation of diglyceride instead of reducing the

amount of diglyceride.
Materials:

Palm oil: Palmotex, Aarhus United, Denmark

Glycerol: J. T. Baker, (7044)

DIMODAN® P: Danisco A/S, Denmark

Enzyme: Lipid acyltransferase GCAT from Aeromonas salmonicida expressed in

B. subtilis and fermented in lab scale (Transferase #196).

Methods
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Lyophilization of enzyme

The enzymes were desalted (PD-10 Desalting columns, Amersham Biosciences)
before lyophilization. The desalted enzyme were mixed with glycerol
(Enzyme:Glycerol ratio 3,5:1). The sample was lyophilised and added 10% water. The
sample contained approximately 20 U (phospholipase units) per gram.

Determination of phospholipase activity (phospholipase activity assay):

Substrate
0.6% L-o. Phosphatidylcholine 95% Plant (Avanti #441601), 0.4% Triton-X 100

(Sigma X-100) and 5 mM CaCl, was dissolved in 0.05M HEPES buffer pH 7.

Assay procedure:
400 pL substrate was added to an 1.5 mL Eppendorf tube and placed in an Eppendorf

Thermomixer at 37°C for 5 minutes. At time t= 0 min, 50 pL enzyme solution was
added. Also a blank with water instead of enzyme was analyzed. The sample was
mixed at 10¥100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time
=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10

minutes to stop the reaction.
"Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO

GmbH.
Enzyme activity PLU-7 at pH 7 was calculated as micromole fatty acid produced per

minute under assay conditions

Enzyme reaction

Palm oil was reacted with the glycerol-enzyme solution according to the following
recipes in Table 1 and Table 2

Table 1: Experiment I

Enz. no. Transferase #196

Sampleno. |1 2 3 4




WO 2005/066351
96
Gl (%) 5 5 5 10
Water (%) {0 1 5 1
Oil phase | 95 94 90 89
(%)
Water in{05 |15 |55 |15
the reaction
mixture
’fable 2: Experiment II
Enz. No. Transferase #196
Sampleno. |1 2 3 4 5 6
Gl (%) 5 5 |5 10 10 10
Water (%) |1 5 7.5 1 5 7.5
Oil  phase | 94 90 87,5 | 89 85 82,5
(%)
Water injl 5 75. 11 5 7.5
the reaction
mixture

10

15

The palm oil was scaled in a 20 ml Wheaton glass and the glycerol/enzyme and
optional water was added. The sample was placed in heating block (Multitherm HP 15
Stheating block heated with differential stirring (15 wells) controlled by a
VARIOMAG — Thermomodul 40 ST thermostat) and reacted under the following

conditions:

Reaction temperature

Magnetic Stirring

Reaction time

43°C

650 ipm
20 hours

PCT/1IB2004/004374
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The enzyme in the reaction mixture was inactivated at 97.5°C in 10 min. After reaction
the sample were homogenized (Ultra Turrax) for 20 sec. and a homogeneous sample

was taken out for further analysis.

HPTLC

Applicator: LINOMAT 5, CAMAG applicator.
HPTLC plate: 10 x 10 cm (Merck no. 1.05633)

The plate was activated before use by drying in an oven at 180°C for 20-30 minutes.

Application: 2,0ul of a 2,0% solution of reacted palm oil dissolved in
Chloroform:Methanol (2:1) was applied to the HPTLC plate using LINOMAT 5

applicator.

Running-buffer: P-ether:MTBE:Acetic acid (50:50:1)

Application/Elution time: 8§ minutes.

Developing fluid: 6% Cupriacetate in 16% H3PO4

After elution the plate was dried in an oven at 180°C for 10 minutes, cooled and
immersed in the developing fluid and then dried additional in 20 minutes at 180°C.

The plate was evaluated visually and scanned (ScanWizard 5) directly.

In Experiment II the components are quantified by Adobe photoshop 6,0 and the
amount of MAG and DAG was calculated from calibrations curves of DAG and MAG

standard solutions (see Figures 49 & 50). .

Gas chromatography
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Perkin Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica
column 12.5 m x 0,25 mm ID x 0,1um 5%phenyl-methyl-silicone (CP Sil 8 CB from

Crompack).

Carrier: Helium.
Injection: 1.5 pl with split.
Detector: FID. 385 °C.

Oven program -' : 1 2 3 4
Oven temperature, °C : 80 260 240 360
Isothermal, time, min. : 2 0 0 10
Temperature rate, °C. /min. : 20 10 12

Sample preparation: 50 mg lipid was dissolved in 12ml heptane:pyridine (2:1)
containing an internal standard heptadecane, 2 mg/ml. 500 pl of the sample was
transferred to a crimp vial. 100 pl MSTFA (N-Methyl-N-trixﬁethylsinI-

trifluoracetamid) was added and the reaction was incubated for 15 minutes at 60 °C.

Calculation: Response factors for mono-di-triglycerides, free fatty acids were
determined from reference mixtures of these components. Based on these response

factors the lipids in the samples were calculated.

Results

Experiment I:

The aim of this éxperiment was to examine the impact of a digl);ceride:glycerol
acyltransferase from Aeromonas salmonicida on DAGs in palm oil by glycerolysis
reaction. It is known that a GCAT is able to transfer fatty acid from lecithin the
cholesterol during formation of cholesterolester and lysolecithin. In this study we have

investigated the possibility of the enzyme to use DAGs as donor and glycerol as
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acceptor in .order to reduce the amount of DAGs in palm oil and produce

monoglyceride.

It is well known in the literature to use enzyme like lipases to catalyze glycerolysis
reactions. In these reactions triglycerides is the main substrate and mono-and
diglycerides are the reactions products. In these processes the amount of diglycerides
increases significantly and the amount of diglycerides produced is on level or high

than the amount of monoglyceride produced (Kristensen, 2004).

Four different sample compositions were Tested and compared to a reference of palm
oil mixed with 5% glycerol but without enzyme and treated in the same way as the
samples. Figure 47 shows the result of the HPTLC analysis of the sample from table 1.

The results obtained from the HPTLC analysis shows that the amount of DAGs varies
according to the reaction conditions (referring to ratio between GL:H,0). Equal to all
the reactions was that the 1,3-isomers of diglyceride were in higher portion than the
1,2-(2,3-) isomers of diglyceride. This observation can be confirmed by theory, which
says that the ratio of 1,3-isomer to 1,2- (2,3-) isomer in crude palm oil is 7:3 (Siew &
Ng, 1999; Timms, 2004). Furthermore, analyzing the result, the HPTLC plate shows
tﬂat the transferease successfully reduces the a-mount of DAGs. The reduction can to

some extent correlate to the amount of synthesized MONO.

If we compare the 1,2 isomer with the 1,3 isomer DAGs in figure 1 it appears that the
1,2 DAGs are primarily reduced by the enzyme-catalyzed reaction. This is in
agreement with the transferease has a preferred specificity for fatty acids in sn2-

position.

In experiments conducted different water concentrations in range of 0.5-5.5% were
used. It appears from the result that the water concentration has a significant impact on
the synthesized amount of MONO combined to the reduced amount of DAGs. In this
instance transferase #196 shows that if the system contains low water concentration

increased concentration of MONO is formed and corresponding decreased amount of
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DAG is observed. The experiment also investigates whether the amount of glycerol
has an effect on ‘the equilibrium in the system (Lane 5: 10% GL:1% H,0).
Transferease #196 shows that higher concentration of glycerol — also meaning double

dosage of enzyme activity - dose not result in higher MONO concentration.

Preferably the present invention is carried out in a low water environment i.e. less than

about 1%.

One of the advantages working with transfereases instead of lipases is that the
synthesis of MONO dose not cormrelates to excessive increased in the concentration of
FFA. This fact is confirmed in present experiment. Figure 1 shows that none of the
reactions shows clear band of FFA (FFA band was expected to be visible between 1,3

DAGs and TAGs).

From-this experiment it can be summarized that the optimal concentration of glycerol

and water for Transferase #196 is as following:

Transferase #196: 5%GL:0.5% H,O

The sample procedure in HPTLC analysis did not include specific weighing, because
of that it was not possible to calculate the concentrations of the different components

in the reaction mixtures. Because of that the observation is solely based on visual

evaluation.

Result GC
Based on the HPTLC results sample No. 2 was selected for GC analysis. To find out

whether the visual evaluation of the HPTLC plates could be confirmed by quantitative

analyses of DAG. Before analysis glycerol was removed from the sample by
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centrifugation and only the lipid phase was exposed to GC analysis The GC results are
presented in Table 3 below.

Table 3: Result of GC on selected reaction in Experiment I

p{ef. 196
Sample No. |1 2
Gl (%)* 5 5
Water (%) 0 0 )
Oil phase (%) [95 5

GC results

MONO 0,01 ]0.34
DAG 6.21 15.77

* Glycerol contains 10% water

Analyzing the result of the GC study it was found that the selected sample differ from
the reference in higher MONO content and lower DAG yield. This observation
supports the obtained results in the HPTLC analysis.

Conclusion: Experiment I

Concerning content of monoglycerides and diglycerides in the product of glycerolysis,
the results of HPTLC analysis indicated that there is a correlation between the
concentration of water and the amounts of MONO and DAGs, respectively: The lower
concentration of water, the lower DAGs and higher MONO.

GC analysis confirmed degree of reduction in DAG. In this experiment the reduced
amount of DAGs counts for 7.1% of the total amount of diglycerides palm oil (Table

4).

Table 4: Degree of reduction of DAGs
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Enz. No. #196
Sample no.” 2
Reduction of DAGs | 7,1
(%)
Experiment II:

The aim of this part was to continue the optimization of DAG reduction in palm oil
and analyze the transferase-catalysed glycerolysis using Transferease #196. The
primarily purpose is to reach a well-balanced reaction in which the amount of DAG

has been reduced in time with increase concentration of MONO.

In this part of the experimental work six different sample compositions were tested and
compared to a reference of palm oil mixed with 5% glycerol (Table 2). The reference
was exposed to the same heating profile as the enzyme reactions, which makes it
possible to observe and determine the degree of thermal degradation during reduction.

Figure 48 shows the result of the HPTLC analysis.

It appears from the results in figure 48 that especially the amount of MAG is varying.
The HPTLC analysis shows that in samples containing 5% glycerol (Lane: 1-3) there
is continuous relation between water concentration and MAG yield: Decreased amount
of water in the reaction mixture is followed by increased MAG yield. The same

tendency is observed in the reactions containing 10% glycerol (Lane: 5-7).

According to the amount of diglycerides, it was not possible to differentiate the
samples solely based on visual evaluation of the HPTLC plate. Therefore, to be able to
distinguish between the samples, components were quantified by analyzing standard
materials with known composition of MAG and DAG. The HPTLC plates were
scanned and handle by Adobe Photoshop 6.0 and further calculated by help from a
constructed calculation macro (Microsoft Excel 2000). The quantitative analysis of the
components analyzed by HPTLC is presented in Table 5 below.
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Table 5:
Enz. No. Transferase #196
Run order: HPTLC |1 2 3 4 5 6 7
MONO (%) 0,38 0.01 Nm*. |0.01 0.15 0.07 0.03
DAG (%) 7.24 8.13 Nm*. 8.35 8.26 7.88 7.62
Reduction of DAG | 13,29 2,63 - - 1,08 5,63 8,74
(%)
Nm* Not measureci
5 - not calculated.
The investigation supports the visual evaluation and gives a fine picture of the varying
level of diglycerides. It is seen from the results that the highest degree of reduction in
the amount of DAGs was achieved in sample po. 1 (5% GL:1.5% HZO). Further it is
10  observed that this sample also contains the highest amount of MAG.
Conclusion: Experiment 11
Experiment II confirmed the observations that a lipid acyltransferase GCAT from
15  Aeromonas salmonicida was able to reduce the amount of diglycerides in palm oil. For
the experiments with 5% g]ycérol a correlation was found between the concentration
of water in the reaction mixture and the amounts of MAG and DAG:s, respectively:
The lower concentration of water, the lower DAGs and higher MAG.
20 HPTLC quantified the degree of reduction (see Table 5). It appears from the results,

that the reduced amount of DAGs counts for 13,29% of the total amount of
diglycerides in palm oil and the amount of synthesized MONO raised from 0,01%
(ref) to 0.38% (sample No. 1).
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From this experiment it can be summarized that the optimal concentration of glycerol

and water for Transferase #196 is as following:

Transferase #196: 5%GL:1.5% H,0

Comparing these observations with the result gained in Experiment I, it is confirmed

‘that good consistency in the results is obtained. The optimal concentration of water is

presumably between 0-1% H,0 depending on enzyme activity and content of glycerol.

Based on the two experiments conducted, it can be concluded that it is possible to
reduce the arnount of DAGs in palm oil by a transferase-catalysed reaction, where the
enzyme uses DAGs as donor molecules and glycerol as acceptor molecule, in a
glycerolysis reaction in which mono glycerides is synthesized. This is in strong contrast
to t'he glycerolysis reac_:tion with conventional trigfycerides hydrolyzing lipases where

the amount of DAG increases due to the partial hydrolysis activity of the triglycerides

hydrolyzing lipase.

Based on the fact that the structure of diglycerides is a mixture 1,2- and 1,3-isomers
and that the transferase is specific to the sn2-position, even a small reduction in the

amount of diglyceride will have a huge physical impact on palm-based products.

EXAMPLE 7: _Immebilisation of a diacylglycerol:glycerol transferase (an lipid

acyltransferase according to the present invention) from Aeromonas salmonicida.

The diacylglycerol:glycerol transferase is immobilised on Celite by acetone
precipitation. 10 ml enzyme solution in 20 mM TEA buffer pH 7 is agitated slowly
with 0,1 gram Celite 535 (from Fluka) for 2 hours at room temperature.

50ml cool acetone is added during continued agitation.

The precipitate is isolated by centrifugation 5000 g for 1 minute.

The precipitate is washed 2 times with 20ml cold acetone.

The Celite is tried at ambient temperature for about 1 hour



WO 2005/066351 PCT/IB2004/604374

10

15

20

25

105

The immobilised transferase is tested in palm oil (see table below):

Table

%
[Palm oil 92.5
Glycerol 5
Immobilised diacylglycerol:glycerol
On Celite, #178, 45 Ulg 2.0
'Water 0.5

Palm oil and glycerol is heated to 42°C. The immobilised transferase was added.

The transferase reaction continued at 42°C during gentle agitation with a magnetic
stirrer. Samples are taken out for analyses after %2, 1, 3, 6 and 24 hours and analysed
by HPTLC. The reaction is stopped after 24 hours reaction time and the immobilised

enzyme was filtered off.

The HPTLC analysis - clearly shows the effect of. the immobilised
diacylglycerol:glycercl from 4. salmonicida by the formation of monoglyceride and

reduction of diglyceride in palm oil.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invéntion has
been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry and biotechnology or

related fields are intended to be within the scope of the following claims.
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NAME AND ADDRESS OF DEPOSITOR
IDENTIFICATION OF THE MICROORGANISM

L

Accession-number given by the

Identification reference given by the )

DEPOSITOR: IN'!'ERNA'HONAL DEPOSITARY AUTHORITY:
Escherichia coli - NCIIVIB 41204

TOP10pPet] 2aAhydro

I SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganis;n jdentified under I above was accompanied by:-

a scientific description

Xla proposed taxonomic designation

{(Mark with a cross where applicable)

I, RECEIFT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above, which was received by n on
22 December 2003  (date of the ongmal deposit)’

JV.  RECEIPT OF REQUEST F OR CONVERSION

The nncruorgamsm identified under I above was recewed by this Intemational Depositary Authority on
(daté of the original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received

byiton
(date of receipt of request for conversion)

V. . INTERNATIONAL DEPOSITARY AUTHORITY

Signature(s) of person(s) having the power to represent the

Name: NCIMBLtd., .
: Intemnational Depositary Authority or of authorised
offi clal(s)
Address: 23 St Machar Drive, / efrence Q d°
Aberdeen . Date: 9 January 2004
AB24 3RY
Scotland, UK.

7 Where Rule 6/4(d) applies, such date is the date on which the status of International Depositary Authority was

acquired.
Form BP/4 (sole page)
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Denisco A/S " | VIABILITY STATEMENT
del - issued pursuant to Rule 10.2 by the )
Langebrogade INTERNATIONAL DEPOSTTARY AUTHORITY"

]];K-IOO; I gett ) jdentified op the following page

. NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT-
1S ISSUED

1 DE’beFQR I IDENTIFICATION OF THE MICROORGANISM

Accession number given by the

Name: s ASABOVE -
. i INTERNATIONAL DEPOSITARY AUTHORITY:
Address: - NCIMB 41204
. Date of the deposit or of the transfer’; - ’
- 22 December 2003

Ol  VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested on 22 December 2003 2. On that date, the said microorganism

3

X viable
i

no longer viable

- Indicate the date of the original deposit or, whete a new deposit or a transfer has been made, the most recent relevant
* date (date of the new deposit or date of the transfer). )

In the cases referred to in Rule lO.Z(a)(ii) and (iif), refer to the most recent viability test.

3 Markwith a cross the applicable box.

Form BP/9 (first page)
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IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

INTERNATIONAL DEPOSITARY AUTHORITY

V.
Name: NCIMB Ld, Signamre(s) of pe;sm(s) having the power:
. o . . to represent the Intemational Depositary
Address: 23 St Machar Drive - Authority or of authorised official(s):
Aberdeen f 3 3 )
AB24 3RY . RS —Cre 2. D‘_‘ 1
Date: 9 January 2004

Scotland '

N

Fill in if the information has been requested and if the results of the test were negative.
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CLAIMS

1. A method of reducing and/or removing diglyceride from an edible oil,
comprising a) admixing an edible oil with an acyl acceptor substrate and a fatty-acid
CoA independent diglyceride:glycerol acyltransferase, wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase is characterized as an enzyme which
in an edible oil transfers an acyl group from a diglyceride to glycerol. .

2. A method according to claim 1 wherein the fatty-acid CoA independent
diglyceride:glycerol acyltransferase comprises the amino acid sequence motif GDSX,
wherein X is one or more of the following amino acid residues L, A, V, L F, Y, H, Q,

T,N,MorS. _
3. A method according to claim 1 wherein the amount of diglyceride in the edible

oil is reduced.

4. A method according to- claim 1 or claim 2 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase transfers an aicyl group from a
diglyceride to an acyl acceptor, wherein the acyl acceptor is any compound comprising
a hydroxy group (-OH).

5. A method according any one of claims 1 to 4, wherein the diglyceride is a 1,2-
diglyceride. ' '

6. A method according to any one of the preceding claims wherein acyl acceptor is
one which is soluble in an edible oil.

7. A method according to any one of the preceding claims wherein the acyl
acceptor is an alcohol.

8. A method according to claim 7 wherein the acyl acceptor is an alcohol.

9. A method according to claim 8 whére_in the acyl acceptor is glycerol.

10. A method according to any one of the preceding claims wherein the fatty-acid
CoA independent diglyceride.: glycerol acyltransferase enzyme comprises H-309 or
corﬁpn'ses a histidine residue at a position corresponding to His-309 in the amino acid
sequence of the Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2 or
SEQ ID No. 32.
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11. A method according to any one of the preceding claims wherein the fatty-acid
CoA independent diglyceride:glycerol acyltransferase is obtainable from an organism
from one or more of the following genera: Aeromonas, Streptomyces, Saccharomyces,

Lactococcus, Mycobacterium, ' Streptococcus, Lactobacillus, Desulfitobacterium,

Bacillus, Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus,

Sclzizosaccharbnglces, Listeria, Neisseria, Mesorhizobium, Ralstonia, Xanthomonas

and Candida.

12. A method according to any one of the preceding claims wherein the fatty-acid

CoA independent diglyceride:glycerol acyltransferase comprises one or more of the

following amino acid sequences: (i) the amino acid sequence shown as SEQ ID No. 2;
(1) the amino acid sequence shown as SEQ ID No. 3; (iii) the amino acid sequence

shown as SEQ ID No. 4; (iv) the amino acid sequence shown as SED ID No. S; (v) the

amino acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as

SEQ ID No. 12, (vii) the amino acid sequence shown as SEQ ID No. 20, (viii) the

amino acid seéuence shown as SEQ ID No. 22, (ix) the amino acid sequence shown as |
SEQ ID No. 24, (x) the amino acid sequence shown as SEQ ID No. 26, (xi) the amino

acid sequence shown as SEQ ID No. 28, (xii) the amino acid sequence shown as SEQ

ID No. 30, (x1it) the amino acid sequence shown as SEQ ID No. 32, (xiv) the amino

acid sequence shown as SEQ ID No. 34, kxv) the amino acid sequence shown as SEQ

ID no. 55; (xvi) the amino acid sequence shown as SEQ ID No. 58; (xvii) the amino

acid sequence shown as SEQ ID No. 60; (xviii) the amino acid sequence shown as

SEQ ID No. 61; (xix) the amino acid sequence shown as SEQ ID No. 63; (xx) the

amino acid sequence shown as SEQ ID No. 65; (xxi) the amino acid sequence shown

as SEQ ID No. 67; (xxii) the amino acid sequence shown as SEQ ID No. 70 or (xxiii)

an amino acid sequence which has 75% or more identity with any one of the sequences

shown as SEQID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,

SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,

SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, SEQ ID No. 34, SEQ ID No. 55,

SEQ ID No. 58, SEQ ID No. 60, SEQ ID No. 61, SEQ ID No. 63, SEQ ID No. 65,

SEQ ID No. 67 or SEQ ID No. 70. :



WO 2005/066351 PCT/1IB2004/004374

10

15

20

25

30

116

13. A method according to any one of the preceding claims wherein the fatty-acid

CoA independent diglyceride:glycerol acyltransferase comprises an amino acid

sequence encoded by one or more of the following nucleotide sequences:

(a) the nucleotide sequence shown as SEQ ID No. 7;

(b) the nucleotide sequence shown as SEQ ID No. §;

(c) the nucleotide sequence shown as SEQ ID No. 9;

(d) the nucleotide sequence shown as SEQ ID No. 10;

(e) the nucleotide sequence shown as SEQ ID No. 11;

() the nucleotide sequence shown as SEQ ID No. 13;

(g) the nucleotide sequence shown as SEQ ID No. 21;

(h) the nucleotide sequence shown as SEQ ID No. 23;

(i) the nucleotide sequence shown as SEQ ID No. 25;

() the nucleotide sequence shown as SEQ ID No. 27;

(k) the nucleotide sequence shown as SEQ ID No. 29;

(1) the nucleotide sequence shown as SEQ ID No. 31;

(m)the nucleotide sequence shown as SEQ-ID No. 33;

(n) the nucleotide sequence shown as SEQ ID No. 35;

(o) the nucleotide sequence shown as SEQ ID No. 54;

(p) the nucleotide sequence shown as SEQ ID No. 59;

(q) the nucleotide sequence shown as SEQ ID No. 62;

() the nucleotide sequence shown as SEQ ID No. 64;

(s) the nucleotide sequence shown as SEQ ID No. 66;

(t) the nucleotide sequence shown as SEQ ID No. 68

(u) the nucleotide sequence shown as SEQ ID No. 69 or

(v) a nucleotide sequence which has 75% or more identity with any one of the
sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10,
SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID Ne. 29, SEQ ID No. 31, SEQ ID No. 33, SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No.
66, SEQ ID No. 68 or SEQ ID No. 69.

14. A method according to any; one of the preceding claims comprising admixing

the treated edible oil with one or more food constituents to formulate a foodstuff.
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15. Use of a fatty-acid CoA independent diglyceride:glycerol acyltransferase
characterized as an enzyme which in an edible oil transfers an acyl group from a
diglyceride to glycerol, in the manufacture of an edible oil, for reducing and/or
removing (preferably selectively reducing and/or removing) diglyceride from said
edible oil.

16. Use of a fatty-acid CoA independent diglyceride:glycerol acyltransferase
characterized as an enzyme which in an edible oil transfers an acyl group from a
diglyceride to glycerol, in the manufacture of a foodstuff comprising an edible oil for
improving the crystallization properties of said foodstuff.

17. Use according claim 15 or claim 16 wherein the fatty-acid CoA independent
diglyceride:glycerol acyltransferase comprises the amino acid sequence motif GDSX,
wherein X is one or more of the following amino acid residues L, A, V,L F, Y, H, Q,
T,N,MorS.

18. Use according to any one of claims 15, 16 or 17 wherein the amount of
diglyceride in the edible oil is reduced.

19. Use according to any one of claims 15 to 18 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase transfers an acyl group from a
diglyceride to an acyl acceptor, wherein the acyl acceptor is any compound comprising
a hydroxy group (-OH).

20. Use according any one of claims 15 to 19, wherein the diglyceride is a 1,2-
diglyceride. .

21.  Use according to any one of claims 15 to 20 wherein acyl acceptor is one which
is soluble in an edible oil.

22. Use according to any one of claims 14-19 wherein the acyl acceptor is an
alcohol.

23.  Use according to claim 22 wherein the acyl acceptor is an alcohol.

24.  Use according to claim 23 wherein the acyl acceptor is glycerol.

25. Use according to any one of claims 15-24 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase enzyme comprises H-309 or
comprises a histidine residue at a position corresponding to His-309 in the amino acid
sequence of the deromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2 or
SEQ ID No. 32. '
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26. Use according to any one of claims 15-25 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase is obtainable from an organism from
one or more of the following genera: Aeromonas, Streptomyces, Saccharomyces,
Lactococcus, Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium,
Bacillus,  Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus,
Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia, Xanthomonas
and Candida.

27. Use according to any one of claims 15-26 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase comprises one or more of the
following amino acid sequénces: (i) the amino acid sequence shown as SEQ ID No. 2;
(ii) the amino acid sequence shown as SEQ ID No. 3; (iii) the amino acid sequence
shown as SEQ ID No. 4; (iv) the amino acid sequence shown as SED ID No. 5; (v) the
amino acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as
SEQ ID No. 12, (vii) the amino acid sequence shown as SEQ ID No. 20, (viii) the
amino acid sequence shown as SEQ ID No. 22, (ix) the amino acid sequence shown as
SEQ ID No. 24, (x) the amino acid sequence shown as SEQ ID No. 26, (xi) the amino
acid sequence shown as SEQ ID No. 28, (xii) the amino acid sequence shown as SEQ
ID No. 30, (xiii) the amino acid sequence shown as SEQ ID No. 32, (xiv) the amino
acid sequence shown as SEQ ID No. 34, (xv) the amino acid sequence shown as SEQ
ID No. 55; (xvi) the amino acid sequence shown as SEQ ID No. 58; (xvii) the amino
acid sequence shown as SEQ ID No. 60, (xviii) the amino acid sequence shown as
SEQ ID No. 61; (xix) the amino acid sequence shown as SEQ ID No. 63; (xx) the
amino acid sequence shown as SEQ ID No. 65; (xxi) the amino acid sequence shown
as SEQ ID No. 67; (xxii) the amino acid sequence shown as SEQ ID No. 70 or (xxiii)
an amino acid sequence which has 75% or more identity with any one of the sequences
shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,
SEQ ID No. 12; SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, SEQ ID No. 34, SEQ ID No. 55,
SEQ ID No. 58, SEQ ID No. 60, SEQ ID No. 61, SEQ ID No. 63, SEQ ID No. 65,
SEQ ID No. 67 or SEQ ID No. 70.



WO 2005/066351 PCT/IB2004/004374
119

28. Use according to any one of claims 15-27 wherein the fatty-acid CoA
independent diglyceride:glycerol acyltransferase comprises an amino acid sequence
encoded by one or more of the following nucleotide sequences:
(a) the nucleotide sequence shown as SEQ ID No. 7;
5 - (b) the nucleotide sequence shown as SEQ ID No. §;
(c) the nucleotide sequence shown as SEQ ID No. 9;
(d) the nucleotide sequence shown as SEQ ID No. 10;
(e) the nucleotide sequence shown as SEQ ID No. 11;
(f) the nucleotide sequence shown as SEQ ID No. 13;
“10  (g) the nucleotide seqhence shown as SEQ ID No. 21;
(h) the nucleotide sequence shown as SEQ ID No. 23;
(i) the nucleotide sequence shown as SEQ ID No. 25;
() the nucleotide sequence shown as SEQ ID No. 27;
(k) the nucleotide sequence shown as SEQ ID No. 29;
15 (l) the nucleotide sequence shown as SEQ ID No. 31;
(m)the nucleotide sequence shown as SEQ ID No. 33;
(n) the nucleotide sequence shown as SEQ ID No. 35;
(o) the nucleotide sequénce shown as SEQ ID No. 54;
(p) the nucleotide sequence shown as SEQ ID No. 59;
20  (q) the nucleotide sequence shown as SEQ ID No. 62;
(r) the nucleotide sequence shown as SEQ ID No. 64;
(s) the nucleotide sequence shown as SEQ ID No. 66;
(t) the nucleotide sequence shown as SEQ ID No. 68
(u) the mucleotide sequence shown as SEQ ID No. 69 or
25 (v) a nucleotide sequence which has 75% or more identity with any one of the
sequences shown as'SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10;
SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33, SEQ ID No.
35, SEQ ID No. 54, SEQ ID No. 59, SEQ ID No. 62, SEQ ID No. 64, SEQ ID No.
30 66, SEQ ID No. 68 or SEQ ID No. 69.
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29. Use according to any one of claims 15-28 wherein the fatty-acid CoA

independent diglyceride:glycerol acyltransferase is used in combination with a

crystallization inhibitor.
30. A method substantially as hereinbefore described with reference to the

5  accompanying description and the figures.
31. A use substantially as hereinbefore described with reference to the accompanying

description and figures.
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Figure 1

SEQ ID No. 1

1 ivafGDS1Td geayygdsdg ggwgagladr Ltallrlrar prgvdvinrg isGrtsdGrl
61 ivDalvallF laqslglpnL pPYLsgdflr GANFAsagAt Ilptsgpfli QuqgFkdfksg
121 vlelrgalgl lgellrllpv ldakspdlvt imiGtNPlit saffgpkste sdrnvsvpef
181 kdnlrqlikr Lrsnmngarii vlitlvilnl gplGClPlkl alalassknv dasgclerln
241 eavadfneal relaiskled qlrkdglpdv kgadvpyvDl ysifqdldgi gnpsayvyGF
301 ettkaCCGyG gryNynrvCG naglcnvtak aCnpssylls flwagfﬁps ekGykavaea

361 1

Figure 2

SEQ ID No. 2

1 mkkwfvcllg lvaltvqaad srpafsrivm fgdslsdtgk myskmrgylp ssppyyegxf
61 sngpvwleql tnefpgltia neaeggptav aynkiswnpk ygvinnldye vtqflgkdsf
121 kpddlvilwv gandylaygw nteqdakrvr daisdaanrm vlngakeill £nlpdlgqnp
181 sarsgkvvea ashvsayhnq lllnlarqla ptgmvklfei dkgfaemlrd pqnfglsdqr
241 nacyggsyvw kpfasrsast dsqglsafnpq erlaiagnpl lagavaspma arsastlnce
301 gkmfwdgvhp ttvvhaalse paatfiesqy eflah

Figure 3

SEQ ID No. 3

1 mkkwfvcllg lialtvgaad trpafsrivm fgdslsdtgk myskmrgylp ssppyyegxf
61 sngpvwleql tkgfpgltia neaeggatav aynkiswnpk yqvynnldye vtgflgkdsf
121 kpddlvilwv gandylaygw nteqdakrvr daisdaanrm vlngakqill fnlpdligqnp
181 sarsqkvvea vshvsayhnk lllnlarqla ptgmvklfei dkgqfaemird pgnfglsdve
241 npcydggyvw kpfatrsvst drqlsafspq erlaiagnpl lagavaspma rrsasplnce
301 gkmfwdqvhp ttvvhaalse raatfietqy eflahg

Figure 4

SEQ ID No. 4

1 mpkpalrrvm tatvaavgtl algltdatah aapagatptl dyvalgdsys agsgvlpvdp.
61 anllclrsta nyphviadtt garltdvtcg aaqtadftra qypgvapqld algtgtdlvt
121 1ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aiqahlndav rraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlgld
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Figure 5

SEQID No. 5

1 mpkpalrrvm tatvaavgtl algltdatah aapagatptl dyvalgdsys agsgvlpvdp
61 anllclrsta nyphviadtt garltdvtcg aaqtadftra gqypgvapgld algtgtdlvt
121 ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aigahlndav rraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlgld

Figure 6

SEQ ID No. 6

1 mdyekfllfg dsitefafnt rpiedgkdqy algaalvney trkmdilqrg fkgytsrwal
61 kilpeilkhe snivmatifl gandacsagp gsvplpefid nirgmvslmk syhirpiiig
121 pglvdrekwe kekseeialg yfrtnenfai ysdalaklan eekvpfvaln kafqqgeggda
181 wqqlltdglh fsgkgykifh dellkvietf ypqyhpknmg yklkdwrdvl ddgsnims
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Figure 7

Alignment of pfam00657.6 consensus sequence with P10480
*->3ivafGDSITdg..........ccrevn- eayygdsdgggwgagladrlL
ivHEGDS1Hd+++ 4 4+ +HHbd d4dsdg w HEL + o+
P10480 28 IVMFGDSLSDTgkmyskngylpssppYYEGRFSNGPVWLEQLTNEF 74

tall..rlrarprgvdvfnrgisGrtsdGrlivDalvallFlaqgslglpn
+ 1+ b bnt 4

P10480 75 PGLTiaNEAEGGPTAVAYNKISWNPK - 100
LpPYLsgdflrGANFAsagAtIlptsgpfliQvqFkdfksqvielrgalg
++ +

—-=-=YQVINN 106

P10480 101

llgellrllpvldakspdlvtimiGtNDlitsaffgpkstesdrnvsvpe
l++et +41 ++ k+ dlvHHH+GHNDH - H R
P10480 107 LDYEVTQFLQKDSFKPDDLVILWVGANQY ———————— LAYGWNTEQDAKR 148

fkdnlrqlikrirsnngariivlitlvilnlgplGClPlklalalasskn
++d nga+ +++4+nl+ 1G+ P+
P10480 149 VRDAISDAANRMV-LNGAK-—--~EILLFNLPDLGONPS—~—-——=w~=—— 181

vdasgclerlneavadfnealrelaiskledqlrkdglpdvkgadvpyvD
++++ +e +  +ratintbl +la +ql++4gtHt+e4d 4+
r10480 182 ARSQKVYEAASHVSAYHNQLLLNLA-————RQLAPTGMVKLFEIDKQFAE 226

lysifqdldgiqnpsayv.y....GFe.ttkaCCGyGgr.yNyn.rv.CG
+  4giHE +o+ tatbber +++ HH+ad+HErd N H

P10480 227 MLRDPONFGLSDORNACYgGSyvwKPFaSRSASTDSQLSaENPQeRLaIA 276

nag.l.c.nvtakaC.npssyll.sflfwDgfHpsekGykavAealk<-*
+++ 1 + +++ta+t +s+ e+ EwDH4Hpd ++at+ e
P10480 277 GNP1lLaQaVASPMAArSASTLNCeGKMFWDQVHPTTVVHAALSEPA 322

Alignment of pfam00657.6- consensus sequence with ARG09804
*->ivafGDSITAg. .- cveevcesoonans eayygdsdgggwgagladrL
iv+£GDS1+d+++  ++ ++ bbb dHds+g W +H1 4+

AAG(09804 28 IVMEGDSLSDTgkmyskmrgylpssppYYEGRFSNGPVWLEQLTKQF 74

tallrlrarprgvdvinrgisGrtsdGrlivDalvallFlagslglpnLp
+g+++ n + +GHt
AAG09804 75 ————————-= PGLTIANEAEGGAT -—- BB

PYLsgdf1rGANFAsagAtIlptsgpfliQvgFkdfksgvlelxga. ...
4+ F A+

AVAYNKISWNpkyq 102

AAG09804 89 --—-

..1lgllgellrllpvldakspdlvtimiGtNDlitsaffgpkstesdrnv
++l+te+ ++1 +++ kt dlvEHHGHNDH ++ ++ 4+
ARG09804 103 vyNNLDYEVTQFLQKDSFKPDDLVILWVGANDY-——~~~=— LAYGWNTEQ 144

svpefkdnlrqlikrLrsnngariivlitlvilnlgplGClPlklalala
+4+++4d nga+ +++++nl+ 1G+ P+
. - AAG09804 145 DAKRVRDAISDAANRMV-LNGAK-—--—- QILLFNLPDLGONPS~=————— 181

ssknvdasgclerlneavadfnealrelaiskledqlrkdglpdvkgadv
++++ +e + ++attn++l +la +qli+ig+t+++++d
AAG09804 182 --—-BARSQKVVERVSHVSAYHNKLLLNLA---—— ROLAPTGMVKLFEIDK 222

prDlysifqd;dgiqnpsayv.y....GFe.ttkaCCGngr.yNyn.r
e R AR A = S 2 e A A I I s 2 5 S
AAG09804 223 QFAEMLRDPONFGLSDVENPCYdGQyvwKPFaTRSVSTDRQLSaFSPQeR 272

v.CGnag.l.c.nvtakaC.npssyll.sflfwDgfHpsekGykavAeal
+ #4444+ 1+ +Hitatd +s +HHEHHEWDEHHPE Hrat et
AAG0SB04 273 LalAGNPlLaQaVASPMARrSASPLNCeGKMFWDQVHPTTVVHAALSERA 322

K~*
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AAG09804 - -

pfam00657.6 consensus sequence with NP_631558

Alignment of .
*->jvafGDS1Tdgeayygdsdgggwgagladriltallrlrarprgvdvf

+va+GDS ++g +g 4+ L + + 4+ o+
NP_631558 42 YVALGDSYSAG-—--—~~~~ SGVLPVDPANL—---LCLRSTANYPHV 75
nrgisGrtsdGrlivD.a.l.vallFlaqslglpnLpPYLsgdfl rGANF
+ 4G+ D+ + +
NP_631558 76 IADTTGAR-—-—LTDvTcGaAQ- 93

AsagAtIlptsgpfliQvqFkdfksqvlelrgalgllqellrllpvidak
++4 ++ +

TADETRAQYPGVAPOLDALGT 114

NP_631558 94

spdlvtimiGtNDl.............. ..itsaffgpkstesdrnvsvp
+ dlvt+ iGHND ++ + 4+ + +  ++  + 4k +

NP_631558 115 GTDLVTLTIGGNDNstfinaitacgtagvlSGGKGSPCKDRHGTSFDDEI 164

efkdn. .lrglikrLrs.nngariiviitlvilnlg........... plG
e 4+ 144+ 4rhb+ dard 41 HHibEE 44+ 4+ G
NP_631558 165 EANTYpaLKEALLGVRArAPHARVAALGYPWITPATadpscflklplAAG 214

ClPlklalalassknvdasgclerlneavadfnealrelaiskledglrk
P+ 1+ ++a n a+r a
NP_631558 215 DVPY LRAIQAHLNDAVRRAA--—~==—=-— 234

dglpdvkgadvpyvDlysifqdldgiqnpsayvyGFettkaCCGyGgryN
++ + +yvD+ ++
NP_631558 235 ~————— EETGATYVDFSGVSDG 250

ynrvCGnaglcnvtakaC.npssyll.sf1fwDgE. . .HpsekGykavie
++aC¥ p +++ + 1f + + + Hp++ G +++he

NP_631558. 251 ———-————mm——-- HDACeAPGTRWIePLLFGHSLVPVHPNALGERRMAE 286

al<-*
+
NP_631558 287 HT 288

pfam00657.6 consensus sequence with CAC42140

Alignment of
*~->ivafGDS1TdgeayygdsdgggwgagladrLtallrlrarprgvdvft

+va+GDS ++g +g +  +++L + + + ++ o+

CAC42140 42 YVALGDSYSAG-~=~————- SGVLPVDPANL-—-—-LCLRSTANYPHV 75

nrgisGrtsdGrlivD.a.l.vallFlaqslglpnbpPYLsgdELTGANF

+ +4G++ D+ + +

CAC42140 76 IADTTGAR-——-—- LTDvTcGaAQ 93

AsagAtIlptsgpfliQuqFkdfksqvlelrqgalgllgellrlilpvldak

+++ ++ + -+

CAC42140 94 TADFTRAQYPGVAPQLDALGT 114

spdlvtimiGtNDl................ itsaffgpkstesdrnvsvp

+ dlvt+ iGHND ++ + + ++ + ++  + +k ++ + F++
CAC42140 115 GTDLVTLTIGGNDNstfinaitacgtagvlSGGKGSPCKDRHGTSFDDEI 164

efkdn..lrglikrlrs.nngariivlitlvilnlg........... plG
e +++ 1444+ 4T+ dard 41 L HHE 4+ G
CAC42140 165 EANTYpaLREALLGVRArAPHARVAALGYPWITPATadpscflklplAAG 214

ClPlklalalassknvdasgclerlneavadfnealrelaiskledqlrk
P+ 1+ ++a h atr a
CAC42140 215 DVPY LRAIQAHLNDAVRRAA-~~——————- 234

dglpdvkgadvpyvDlysifqdldgiqnpsayvyGFettkaCCGyGgryN
++ + +yvD+ +H+
CAC42140 235 -——--- EETGATYVDESGVSDG 250

ynrvCGnaglcnvtakaC.npssyll.sflfwDgf. . .HpsekGykavae
+4+aC+ p +++ + 1f + + + Hp++ G +++Ae

CAC42140 251 --=---——mm—mee HDACeAPGTRWIePLLFGHSLVpvHPNALGERRMAE 2B6
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+

CAC42140 287 HT 288

Alignment of pfam00657.6 consensus sequence with Pa1734
*->ivaf6DS1Tdg. . ..eayygdsdgggwgagladrLtallrlrarprg
++£GDS+T+ 44+ + + d+ gatl + + +r+
p41734 6 FLLFGDSITEFafntRPIEDGKDQYALGAALVNEY-———===—- TRK 43

vdvEnrgisGrtsdGrlivDalvallFlagslglpnLpPYLsgd£1rGAN
+d+ rg++Git
P41734 44 MDILQRGFKGYT 55

FAsagAtIlptsgpfliQvgFkdfksqvlelrgalgllqellxllpvlda
+rtal++lie+l+ +

SRWALKILPEILKH--—-E 70

P41734 56

kspdlvtimiGtNDlitsaffgpkstesdrnvsvpefkdnlrglikrLrs

+  + ti++GHND+ ++ +4++ viipef+dntrqi+iits

P41734 71 SNIVMATIFLGANDA-~—-———-=~ CSAGPQSVPLPEFIDNIROMVSLMKS 111
nngariivlitlvilnlgplGClPlklalalassknvdasgclerlneav
++btiitile ++ + k ++ + + rine +

P41734 112 YBIRPIIIGPGLVDREERKW--————————m—— EKEKSEEIALGYFRTNENF 148
adfnealrelaiskledqlrkdglpdvkgadvpyvDlysifqdldgiqnp
. a + al +la ++ 4vp+v L+++EQE +gHi+d

P41734 149 ATYSDALAKLA - NEEKVPFVALNKAFQQEGGDAWQ 182
sayvyGFettkaCCGyGgryNynrvCGnaglcnvtakaCnpssyllsflf
+ 1+

LI 185

P41734 183 O——

wbhgfHpsekGykavAeal<-*
Dg+H+s kGyk+++++1l .
P41734 186 TDGLHFSGKGYKIFHDEL " 203
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Figure 8 ;

MKKWEVCLLGLIALTVOAADTRPAFSRIVMFGDSLSDTGKMYSKMRGYLPSSPPYYEGRF 60

A.sal 1
+ +
A.hyd 1 MKKWEVCLLGLVALTVQRADSRPAFSRIVMFGDSLSDTGKMYSKMRGYLPSSPPYYEGRF 60
A. sal 61 SNGPVWLEQLTKOFPGLTIANEAEGGATAVAYNKISWNPKYQVINNLDYEVTQFLOKDSF 120
++ +
A. hyd 61 SNGPVWLEQLTNEFPGLTIANEAEGGPTAVAYNKISWNPKYQVINNLDYEVTQFLQKDSF 120

A. sal 121 KPDDLVILWVGANﬁYLAYGWNTBQDAKRVRDAISDAANRMVLNGAKQILLFNLPDLGQNP 180
+

A. hyd 121 KPDDLVILWVGANDYLAYGWNTEQDAKRVRDAISDAANRMVLNGAKEILLFNLPDLGONP 180

SARSQKVVEAVSHVSAYHNKLLLNLARQLAPTGMVKLFEIDKQFAEMLRDPONFGLSDVE 240
+ +

SARSQKVVEAASHVSAYHNQLLLNLARQLAPTGMVKLFEIDKQFAEMLRDPONFGLSDQR 240

A. sal 181

A.hyd 181

NPCYDGGYVWKPFATRSVSTDRQOLSAFSPQERLAIAGNPLLAQAVASPMARRSASPLNCE 300

A. sal 241
+ + +

+ ++ + + o+ +
A. hyd 241 NACYGGSYVWKPFASRSASTDSQLSAFNPQERLAIAGNPLLAQAVASPMARRSASTLNCE 300
A. sal 301 GKMFWDQVEPTTVVHAALSERAATFIETQYEFLAH 335
’ + +

A. hyd 301 GRMFWDQVHPTTVVHAALSEPAATFIESQYEFLAH 335

A\
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Figure 9

ATGAAAAARAT
RGCCGTCCCG
ATGTACAGCA
TCCAACGGGC
AACGAGGCGG
TATCAGGTCA
ARGCCGGACG
AACACAGAGC
GTGCTGAACG
TCGGCCCGCA
CTGCTGCTGA
GACAAGCAGT
AACGCCTGCT
GACAGCCAGC
CTGGCCCAGG
GGCAAGATGT
CCCGCCGCCa

GGTTTGTGTG
CCTTCTCCCG
AGATGCGCGG
CCGTCTGGCT
AAGGCGGACC
TCAACAACCT
ATCTGGTGAT
AGGATGCCAA
GCGCCAAGGA
GCCAGRAGGT
ACCTGGCACG
TTGCCGAGAT
ACGGTGGCAG
TCTCCGCCTT
CCGTCGCCAG
TCTGGGATCA
CCTTCATCGA

TTTATTGGGA
GATCGTGATG
TTACCTCCCC
GGAGCAGCTG
GACCGCCGTG
GGACTACGAG
CCTCTGGGTC
GCGGGTGCGC
GATACTGCTG
GGTCGAGGCG
CCAGCTGGCT
GCTGCGTGAT
CTATGTATGG
CAACCCGCAG
CCCCATGGCT
GGTCCACCCC
GAGCCAGTAC

7/44

TTGGTCGCGC
TTTGGCGACA
TCCAGCCCCC
ACCAACGAGT
GCTTACAACA
GTCACCCAGT
GGCGCCRACG
GRCGCCATCA
TTCAACCTGC
GCCAGCCATG
CCCACCGGCA
CCGCAGAACT
AAGCCGTTTG
GAGCGCCTCG
GCCCGCAGCG
ACCACTGTCG
GAGTTCCTCG

TGACAGTTCA
GCCTCTCCGA
CCTACTATGA
TCCCGGGCCT
AGATCTCCTG
TCCTGCAARA
ACTATCTGGC
GCGATGCGGC
CGGATCTGGG
TCTCCGCCTA
TGGTGAAGCT
TCGGCCTGAG
CCTCCCGCAG
CCATCGCCGG
CCAGCACCCT
TGCACGCCGC
CCCAC

PCT/1B2004/004374

GGCAGCCGAC
TACCGGCAAG
GGGCCGCTTC
GACCATAGCC
GRATCCCARG
AGACAGCTTC
CTATGGCTGG
CAACCGCATG
CCAGAACCCC
CCACAACCAG
GTTCGAGATC
CGACCAGAGG
CGCCAGCACC
CARCCCGCTG
CAACTGTGAG
CCTGAGCGAG
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Figure 10

ATGAAAAAAT
ACTCGCCCCG
ATGTACAGCA
TCCAACGGAC
ARCGAAGCGG
TATCAGGTCT
ARGCCGGACG
AATACGGAGC
GTACTGAACG
TCAGCCCGCA
CTGCTGCTGA
GACAAGCAAT
AACCCCTGCT
GACCGCCAGC
CTGGCACAGG
GGCAAGATGT
CGCGCCGCCA

GGTTTGTTTG
CCTTCTCCCG
AGATGCGCGG
CCGTCTGGCT
AAGGCGGTGC
ACAACAACCT
ATCTGGTGAT
AGGATGCCAA
GTGCCAAGCA
GTCAGAAGGT
ACCTGGCACG
TTGCCGAGAT
ACGACGGCGG
TCTCCGCCTT
CCGTTGCCAG
TCTGGGATCA
CCTTCATCGA

8/44

TTTATTGGGG TTGATCGCGC
GATCGTGATG TTCGGCGACA
TTACCTCCCC TCCAGCCCGC
GGAGCAGCTG ACCAAGCAGT
CACTGCCGTG GCTTACAACA
GGACTACGAG GTCACCCAGT
CCTCTGGGTC GGTGCCAATG
GCGAGTTCGC GATGCCATCA
GATACTGCTG TTCAACCTGC
GGTCGAGGCG GTCAGCCATG
CCAGCTGGCC CCCACCGGCA
GCTGCGTGAT CCGCAGAACT
CTATGTGTGG AAGCCGTTTG
CAGTCCGCAG GAACGCCTCG
TCCTATGGCC CGCCGCAGCG
GGTACACCCG ACCACTGTCG
GACCCARGTAC GAGTTCCTCG

TGACAGTTCA
GCCTCTCCGA
CCTACTATGA
TCCCGGGTCT
AGATCTCCTG
TCTTGCAGAA
ACTATCTGGC
GCGATGCGGC
CGGATCTGGG
TCTCCGCCTA
TGGTAAAGCT
TCGGCCTGAG
CCACCCGCAG
CCATCGCCGG
CCAGCCCCCT
TGCACGCAGC
CCCACGGATG

PCT/1B2004/004374

GGCAGCCGAC
TACCGGCAAA
GGGCCGTTTC
GACCATCGCC
GAATCCCAAG
AGACAGCTTC
ATATGGCTGG
CAACCGCATG
CCAGAACCCG
TCACARCAAG
GTTCGAGATC
CGACGTCGAG
CGTCAGCACC
CAACCCGCTG
CAACTGTGAG
CCTGAGCGAG
A
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Figure 11

ATGCCGAAGC
GCCCTCGGCC
GACTACGTCG
GCCARCCTGC
GGCGCCCGCC
CAGTACCCGG
CTCACCATCG
GCGGGTGTCC
GACGACGAGA
GCCAGGGCTC
GCCGACCCGT
GCCATCCAGG
TACGTGGACT
TGGATCGAAC
GAGCGGCGCA

CTGCCCTTCG
TCACCGACGC
CCCTCGGCGA
TCTGTCTGCG
TCACGGACGT
GCGTCGCACC
GCGGCAACGA
TCAGCGGCGG
TCGAGGCCAA
CCCACGCCAG
CCTGCTTCCT
CACACCTCAA
TCTCCGGGGT
CGCTGCTCTT
TGGCCGAGCA

CCGTGTCATG
CACCGCCCAC
CAGCTACAGC
CTCGACGGCC
CACCTGCGGC
CCAGTTGGAC
CAACAGCACC
CAAGGGCAGC
CACGTACCCC
GGTGGCGGCT
GAAGCTCCCC
CGACGCGGTC
GTCCGACGGC
CGGGCACAGC
CACGATGGAC

9/44

ACCGCGACAG
GCCGCGCCCE
GCCGGCTCCG
ARCTACCCCC
GCCGCGCAGA
GCGCTCGGCA
TTCATCARCG
CCCTGCARGG
GCGCTCARGG
CTCGGCTACC
CTCGCCECCG
CGGCGGGCCG
CACGACGCCT
CTCGTTCCCG
GTCCTCGGEC

TCGCCGLCGT
CCCAGGCCAC
GCGTCCTGCC
ACGTCATCGC
CCGCCGACTT
CCGGCACGGA
CCATCACGGC
ACAGGCACGG
AGGCGCTGCT
CGTGGATCAC
GTGACGTIGCC
CCGAGGRGAC
GCGAGGCCCC
TCCACCCCAA
TGGACTGA

PCT/IB2004/004374

CGGCACGCTC
TCCGACCCTG
CGTCGACCCC
GGACACGACG
CACGCGGGCC
CCTGGTCACG
CTGCGGCACG
CACCTCCTTIC
CGGCGTCCGC
CCCGGCCACC
CTACCTGCGG
CGGAGCCACC
CGGCACCCGC
CGCCCTGGGC
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Figure 12

TCAGTCCAGG
GGGGTGGACG
GGCCTCGCAG
CTCCTCGGCG
CACGTCACCG
GATCCACGGG
CAGCGCCTCC
GTGCCTGTCC
CGTGATGGCG
CGTGCCGGTG
GTCGGCGGTC
GATGACGTGG
CAGGACGCCG
GGCCTGGGCG
GGCGGCGACT

CCGAGGACGT
GGAACGAGGC
GCGTCGTGGC
GCCCGCCGGA
GCGGCGAGGG
TAGCCGAGAG
TTGAGCGCGG
TTGCAGGGGC
TTGATGAAGG
CCGAGCGCGT
TGCGCGGCGC
GGGTAGTTGG
GAGCCGGCGC
GGCGCGGCGT
GTCGCGGTCA

CCATCGTGTG
TGTGCCCGAR
CGTCGGACAC
CCGCGTCGTT
GGAGCTTCAG
CCGCCACCCT
GGTACGTGTT
TGCCCTTGCC
TGCTGTTGTC
CCARCTGGGG
CGCAGGTGAC
CCGTCGAGCG
TGTAGCTGTC
GGGCGGTGGC
TGACACGGCG

10/44

CTCGGCCATG
GRGCAGCGGT
CCCGGAGRAG
GAGGTGTGCC
GAAGCAGGAC
GGCGTGGGGA
GGCCTCGATC
GCCGCTGAGG
GTTGCCGCCE
TGCGACGCCC
GTCCGTGAGG
CAGACAGAGC
GCCGAGGGCG
GTCGGTGAGG
ARGGGCAGGC

CGCCGCTCGC
TCGATCCAGC
TPCCACGTAGG
TGGATGGCCC
GGGTCGGCGG
GCCCTGGCGL
TCGICGTCGA
ACACCCGCCG
ATGGTGAGCG
GGGTACTGGG
CGGGCGCCCG
AGGTTGGCGG
ACGTAGTCCA
CCGAGGGCGA
TTCGGCAT

PCT/IB2004/004374

CCAGGGCGTT
GGGTGCCGGG
TGGCTCCGGT
GCAGGTAGGG
TGGCCGGGGT
GGACGCCGAG
AGGAGGTGCC
TGCCGCAGGC
TGACCAGGTC
CCCGCGTGAR
TCGTGTCCGC
GGTCGACGGG
GGGTCGGAGT
GCGTGCCGAC
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ATGGATTACG
AGGCCCATTG
ACGAGRAAAA
ARAATACTTC
GGTGCCAACG
AATATTCGTC
CCGGGGCTAG
TACTTCCGTA
GRGGAARAAG
TGGCARCARC
GACGAATTAT
TACAAACTGA

AGAAGTTTCT
AAGATGGCAA
TGGATATTCT
CTGAGATTTT
ATGCATGCTC

AARATGGTATC

TAGATAGAGA
CCAACGAGAA
TTCCCTTCGT
TGCTAACAGA
TGAAGGTCAT
ARGATTGGAG

GTITATTTGGG
AGATCAGTAT

-TCAAAGAGGG

AAAGCATGAA
AGCAGGTCCC

TTTGATGAAG

GAAGTGGGAA
CTTTGCCATT
GGCTTTGAAT
TGGACTGCAC
TGAGACATTC
AGATGTGCTA

11/44

GATTCCATTA
GCTCTTGGAG
TTCAAAGGGT
TCCAATATTG
CAAAGTGTCC
TCTTACCATA
AAAGAAAAAT
FATTCCGATG
AAGGCGTTTC
TTTTCCGGAA
TACCCCCAAT
GATGATGGAT

CTGAATTTGC
CCGCATTAGT
ACACTTCTAG
TCATGGCCAC
CCCTCCCCGA
TCCGTCCTAT
CTGAAGAAAT
CCTTAGCAAA
AACAGGAAGG
AAGGGTACAA
ATCATCCCAA
CTAACATAAT

PCT/IB2004/004374

TTTTAATACT
CAACGRATAT
ATGGGCGTTG
AATATTTTTG
ATTTATCGAT
TATAATAGGA
AGCTCTCGGA
ACTAGCCAAT
TGGTGATGCT
AATTTTTCAT
AAACATGCAG
GTCTTGA
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Figure 14
(SEQ ID No. 12)
10 20 30 40 50 60

! 1 I | | !
MNLRQWMGAA TAALALGLAR CGGGGTDQSG NPNVARVORM VVEGDSLSDI GTYTPVAQAV

70 80 90 100 110 120
l I ! I I |
GGGKETTNPG PIWAETVAAQ LGVTLTPAVM GYATSVONCP KAGCFDYAQG GSRVTDPRGI

130 140 150 160 170 180
] T ] ! ! 1
GHNGGAGALT YPVQQQLANF YAASNNTFNG NNDVVEVLAG SNDIFEFWTTA AATSGSGVTP

180 200 210 220 230 240
| I ! ! I I
ATATAQVQQA ATDLVGYVKD MIAKGATQVY VENLPDSSLT PDGVASGTTG QALLHALVGT

250 260 270 280 290 300
i ! i 1 I !
FNTTLQSGLA GTSARIIDEFN AQLTAAIQONG ASFGFANTSA RACDATKINA LVPSAGGSSL

310 320 330 340
1 I ! !
ECSANTLVAS GADQSYLFAD GVHPTTAGHR LIASNVLARL LADNVAH



i

WO 2005/066351

Figure 15

(SEQ ID No. 13)

atgaacctgce
tgcgggggcg
gtggtgttcg
ggcggeggea
ctgggcgtga
aaggccggcet
ggccacaacg
tacgcggcca
agcaacgaca
gccattgcca
atgatcgcca
ccggacggceg
ttcaacacga
gcacaactga
cgggcctgeg
ttctgctcgg
ggcgtgcacc
ctggcggata

gtcaatggat
gtgggaccga
gcgacagcect
agttcaccac
cgctcacgee
gcttcgacta
gcggcgcggg
gcaacaacac
ttttcttctg
cggcccaggt
agggtgcgac
tggcaagcgg
cgctgcaaag
ccgeggegat
acgccaccaa
ccaacacgct
cgaccacggc
acgtcgcgca

gggcgecgec
ccagagcggce
gagcgatatc
caacceggge
ggcggtgatg
tgcgcaggge
ggcgctgacc
attcaacggc
gaccactgcg
gcagcaggcc
gcaggtctac
cacgaccggce
cgggctggce
ccagaatggc
gatcaatgcc
ggtggcttcc
cggccatcge
ctga

13/44

acggctgccc
aatcccaatg
ggcacctaca
ccgatctggg
ggctacgccea
ggctcgcgeg
taccecggtte
aataacgatg
gcggccacca
gcgacggace
gtgttcaacc
caggcgctgce
ggcacctcgg
gcctegttcg
ctggtgccga
ggtgcggacc
ctgatcgcca

ttgecttggg
tcgecaaggt
cccecgtcege
ccgagaccegt
cctecegtgcea
tgaccgatce
agcagcagct
tcgtcttegt
gcggctcegyg
tggtcggcta
tgccegacag
tgcacgcgcect
cgcgcatcat
gcttcgccaa
gcgecggegyg
agagctacct
gcaacgtgct

PCT/1B2004/004374

cttggccgeg
gcagcgcatg
gcaggcggtyg
ggccgegcaa
gaattgcccc
gaacggcatc
cgccaacttc
gctggeegge
cgtgacgcece
tgtcaaggac
cagcctgacg
ggtgggcacg
cgacttcaac
caccagcgce
cagctcgctg
gttcgcecgac
ggcgcgectg

60
120
180
240
300
360
420
480
540
600
660
720
780

300
960
1020
1044
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Figure 16 (SEQ ID No. 20)

PCT/1B2004/004374

1 migsyvavgd sftegvgdpg pdgafvgwad rlavlladrr pegdftytnl avrgrlldgi

61 vaequprvvg lapdlvsfaa ggndiirpgt dpdevaerfe lavaaltaaa gtvlvttgfd
121 trgvpvlkhl rgkiatyngh vraiadrygc pvldlwslrs vqdrrawdad rlhlspeght
181 rvalraggqal glrvpadpdq pwpplpprgt ldvrrddvhw areylvpwig rrlrgessgd
241 hvtakgtlsp daiktriaav a

Figure 17 (SEQ ID No. 21)

1 gtgatcgggt cgtacgtggc ggtgggggac agcttcaceg agggcgtcgg cgacccegge

61 cccgacgggg cgttcgtcgg ctgggecegac cggctcgeecg tactgctcege ggaccggege
121 cccgagggceg acttcacgta cacgaacctc gcegtgcocgeg gcaggctcct cgaccagatc
181 gtggcggaac aggtcccgeg ggtegtecgga ctcgegeceg acctegtcete gttcegeggeg

241
301
361
421
481
541
601
661
721
781

ggcggcaacg
ctggcggtgg
acccgggggg
gtccgecgceca
gtccaggacc
cgggtggcge
ccctggeege
gcgcgcgagt
cacgtgacgg
gcctga

acatcatccg
ccgegetgac
tgceccgtect
tcgeecgaccg
gcagggcgtyg
tgcgegeggy
ccectgecegee
acctggtgcece
ccaaggggac

gcceccggeace
cgcecgeggec
caagcacctg
ctacggctgce
ggacgccgac
gcaggccctg
gcgcggeacyg
gtggatcggg
gctgtcgeeg

gatcccgacg
ggaaccgtcc
cgcggcaaga
ccggtgetcg
cggctgcacc
ggcctgegeg
ctcgacgtcec
cgccggetge
gacgccatca

aggtcgccga
tggtgaccac
tcgeccacgta
acctgtggtc
tgtcgcecgga
tcececggecga
ggcgcgacga
ggggcgagtc
agacgcggat

gcggttcgag
cgggttcgac
caacgggcac
gctgcggage
ggggcacacc
ccctgaccag
cgtgcactgg
gtcgggcgac
cgcecgeggtg
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Figure 18
(SEQ ID No. 22)

1 mgtnpaytsl vavgdsfteg msdllpdgsy rgwadllatr maarspgfry anlavrgkli
61 ggivdegvdv aaamgadvit lvgglndtlr pkcdmarvrd lltgaverla phceqlvimr
121 spgrqgpvle rfrprmealf aviddlagrh gavvvdlyga gsladprmwd vdrlhltaeg
181 hrrvaeavwq slghepedpe whapipatpp pgwvtrrtad vrfarghllp wigrrltgrs

241 sgdglpakrp dllpyedpar

Figure 19 (SEQ ID No. 23)

1 atgcagacga accccgegta caccagtcte gtegecgteg gogactcctt caccgaggge
61 atgtcggacc tgctgcccga cggctcectac cgtggetggg ccgacctect cgccaccegg
121 atggcggccc gctceccccgg cttccggtac gccaacctgg cggtgcgegg gaagctgatc
. 181 ggacagatcg tcgacgagca ggtggacgtg gccgecgcca tgggagccga cgtgatcacg
241 ctggtcggcg ggctcaacga cacgctgegg cccaagtgcg acatggcccg ggtgegggac
301 ctgctgacce aggccgtgga acggctcgee ccgcactgeg agcagetggt gctgatgegce
361 agtcccggtce gccagggtcce ggtgetggag cgcttccgge cccgcatgga ggcectgttc
421 gcegtgatcg acgacctgge cgggcggcac ggegecgtgg tcgtcgacct gtacggggec
481 cagtcgctgg ccgaccctcg gatgtgggac gtggaccgge tgcacctgac cgeccgaggge
541 caccgccggg tegeggaggc ggtgtggcag tcgetcecggee acgagcccga ggaccccgag
601 tggcacgcge cgatcccggc gacgccgccg ccggggtggg tgacgcgcag gaccgcggac
661 gtccggttcg cccggcagca cctgetgecec tggataggec gecaggetgac cgggcgcetcg
721 tccggggacg. gcctgecgge caagegeceg gacctgectge cectacgagga ccccgcacgg

781 tga
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Figure 20 (SEQ ID No. 24)

1 mtrgrdggag apptkhrall aaivtlivai saaiyagasa ddgsrdhalq aggrlprgda

61 apastgawvg awatapaaae pgtettglag rsvrnvvhts vggtgaritl snlygqsplt
121 vthasialaa gpdtaaaiad tmrrltfggs arviipaggg vmsdtarlai pyganvivtt .
181 yspipsgpvt yhpgarqtsy ladgdrtadv tavayttptp ywryltaldv lsheadgtvv 8
241 afgdsitdga rsqsdanhrw tdvlaarlhe aagdgrdtpr ysvvnegisg nrlltsrpgr =
301 padnpsglsr fqrdvlertn vkavvvvlgv ndvlnspela drdailtglr tlvdrahaxg
361 lrvvgatitp fggyggytea retmrgevne eirsgrvfdt vvdfdkalrd pydprrmrsd
421 ydsgdhlhpg dkgyarmgav idlaalkgaa pvka

Figure 21 (SEQ ID No. 25)

1 atgacccggg gtcgtgacgg gggtgcgggg gcgceccccca ccaagcaccg tgccctgetc
61 gecggcgatcg tcaccctgat agtggcgatc tccgeggeca tatacgcecgg agegtccgeg
121 gacgacggca gcagggacca cgcgctgcag gccggaggee gtcteccacg aggagacgec
181 gccccegegt ccaccggtge ctgggtggge gectgggecca ccgcaccgge cgcggcecgag
241 ccgggcaccg agacgaccgg cctggeggge cgctccgtge gcaacgtegt gcacaccteg
301 gtcggcggca ccggcgegeg gatcacccte tcgaacctgt acgggcagtc gccgctgacce
361 gtcacacacg cctcgatcge cctggccgee gggcccgaca ccgccgeege gatcgcecgac
421 accatgcgcc ggctcacctt cggeggcage geccgggtga tcatcccgge gggcggccag
481 gtgatgagcg acaccgcecg cctcgecatc ccctacgggg cgaacgtcct ggtcaccacg
541 tactcccecca tcccgtccgg geocggtgace taccatccge aggcccggca gaccagcetac
601 ctggccgacg gcgaccgcac ggcggacgtc accgecgteg cgtacaccac ccccacgece
661 tactggcgct acctgaccgc cctegacgtg ctgagccacg aggccgacgg cacggtcgtg
721 gcgttcggecg actccatcac cgacggecgee cgctcgcaga gcgacgccaa ccaccgetgg
781 accgacgtcc tcgccgcacg cctgcacgag geggcgggcg acggccggga cacgccccgo
841 tacagcgtcg tcaacgaggg catcageggc aaccggctcc tgaccagcag gccggggcgg
901 ccggccgaca acccgagcgg actgagccgg ttccageggg acgtgctgga acgcaccaac
961 gtcaaggccg tcgtcgtegt ccteggegte aacgacgtcc tgaacagccc ggaactcgce
1021 gaccgcgacg ccatcctgac cggcctgege accctegtcg accgggcgca cgcccgggga
1081 ctgcgggtcg tcggegccac gatcacgecg ttcggeggcet acggecggcta caccgaggec
1141 cgcgagacga tgcggcagga ggtcaacgag gagatccgct ccggececgggt cttcgacacg
1201 gtcgtcgact tcgacaaggc cctgegcgac ccgtacgacc cgecgeccggat gcgctccgac
1261 tacgacagcg gcgaccacct gcaccccggce gacaagggbt acgcgcgcat gggcgeggtce
1321 atcgacctgg ccgcgctgaa gggcgcggeg ccggtcaagg cgtag
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Figure 22 (SEQ ID No. 26)

rriaagaayg gggiglagaa
pplrlmmlgd staagqgvhr aggtpgalla
alvlaepdrv pdicvimvga

1
61
121
181
241
301

Figure 23 (SEQ ID No. 27)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021

mtsmsrarva
yggtlptagd
acsddldrqv
vvgtcpdlgt
el fgpdnyhp
eagtevaaam

atgacgagca
ggcggeggca
ctggccagac
tacggceggca
tccacggccg
tcegggetcg
gcgtgectegg
cccgacatct
cgcteggtgce
gtggtcggca
ctggcccggce
ggcgggcgea
gagctcttcg
gcggtactge
gacgcgetgce
gaggcgggta
ctgaagcgec
tga

iervrgplrw

larrasrqla

saegyataam avlpsvcaal

ptgprgpwal

tgtcgaggge
tcggcctgge
gcagggtggg
ccctgeccac
ccgggcaggg
cggeggtygge
acgacctgga
gcgtgatcat
ggcacctgtc
cctgtccgga
gggcctcacg
cggtgtcget
gccccgacaa
ccteggtgtg
gecgegaggg
cggaggtcgce
ggagacggcg

1krrrrrrvs

gagggtggceg
gggagcggcyg
ggtgggcacg
ggccggcegac
cgtgcaccgg
ggagcggccg
ccggcaggtyg
ggtcggegee
ctcggeggta
cctgggcacyg
gcagctcgeg
gggcgacctg
ctaccaccee
cgccgegete
cttectgecg
cgccgcecatg
tcgggtgtcg

PCT/1B2004/004374

avglvvaevqg larrrvgvgt ptrvpnaqgl

ndvthropat
aaqgtigaveq
glwpadeehp
eaepsspsgv

cggcggateg
gcggteggtce
ccgaccegqg
ccgeegetge
gccgggceaga
gtgcggetgg
gcgetggtge
aacgacgtca
cggcggetge
atcgagcggg
gcggcacaga
ctgggtccgg
tccgecgagg
ggcctgtgge
gtggegegeg
cctacggggce
gaggcggaac

sglaavaerp
rsvrhlssav
ggrtvslgdl
dalrregflp

cggeeggege
tggtggtgge
tgcecgaacge
ggctgatgat
cgccgggcge
ggtcggtcge
tcgecgagee
cccaccggat
gcacggccegg
tgcggcagec
cecatcggege
agttcgcgea
ggtacgccac
cggccgacga
cggcggcgga
ctcgggggee
cgtccagece

vrlgsvaqpg
rrlrtagaev
lgpefaqgnpr
varaaaeaas

ggcgtacgge
cgaggtgcag
gcagggactg
gectgggegac
gctgetggeg
ccagccgggyg
ggaccgggtg
gcecggcgace
tgcggaggtg
gctgegetgg
cgtecgagcag
gaacccgcgg
ggccgegatg
ggagcacccg
ggcggegtec
ctgggcgctg
gtceggegtt
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Figure 24 (SEQ ID No. 28)

1
61
121
181
241
301

Figure 25 (SEQ ID No. 29)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

mgrgtdgrtr
tspasvaavg
vtgarmadlt
klpkaqvyvs
rvadynevlr
taknp

atgggtcgag
gccgcectga

-gactcacceg

accagcccgg
gcggtgetgt
tcgetggecg
gtcaccgggg
ccggagetgg
atgacgccgg
aagctcececa
cagggccgca
ctgggcgacyg
cgggtggcgg
agcgacgacg
tggttccace
accgcgaaga

ygrrrarval
dsitrgfdac
agvtraaqgre
sipdlkrlws
evcakdrrcr

ggacggacca
ccgecegeegt
ctccttecgg
cgtccgtege
cggactgcece
tacggctgcect
cccggatggc
tggcggtgat
tggcggactt
aggcgcaggt
ccaacccgct
cggactceet
actacaacga
gegeggtgea
cgagtgtgga
atccctga

aaltaavlgv
avlsdcpevs
pelvavmaga
qgrtnplgkq
sddgavhefr

gcggacgcgg
cctgggegtg
cagcccgteg
cgccgtggge
ggaggtgtcg
ggggaaggcg
ggacctgacc
ggceggggceyg
ccgggcgceag
gtacgtgtcg
gggcaagcag
ggactcggcg
ggtgctgcgg
cgagttccgg
cggccaggcc

gvagcdsvgg
watgssakvd
ndacrsttsa
vwklglcpsm
fgtdqlshwd

tacggccgte
ggcgtggegg
aagcggacga
gactccatca
tgggcgaccg
gacgcggccg
gctcaggtga
aacgacgcgt
ttcgaggagg
agcatcecegg
gtgtggaagc
gcgaccctge
gaggtctgcg
ttcggcacgg
cggctggegg

dspapsgsps
slavrllgka
mtpvadfraq
lgdadsldsa
wfhpsvdgga

gccgggegeg
gctgcgacte
ggacggcgee
cgcgeggett
gcagcagcgc
agcacagctg
€gcgggcegge
gccggtccac
cgatggccac
acctcaagcg
tcggectgtg
ggcgcaacac
cgaaggaccg
accagttgag
agatcgccta

PCT/1B2004/004374

krtrtapawd
daaehswnya
feeamatlrk
atlrrntvxd
rlaeiayrav

tgtegegete
cgtgggcgge
cgeetgggac
cgacgectgt
gaaggtcgac
gaactacgcg
gcagcgcgag
gacctcggeg
cctgcgcaag
gctctggtec
cccgtcgatg
ggtgecgegac
gcggtgccge
ccactgggac
ccgegeggte
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Figure 26 (SEQ ID No. 30)

1
61

mrlsrraata
ckrstksypa

sallltpala
lwaashtgtr

121 adtmttcnlg gesaclaria

181
241

Figure 27 (SEQ ID No. 31)

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021

lggscavgls
vtlpvensyh

ttcatcacaa
gacaagcctt
gggaggttcc
ggcgctcgeg
ctacgtggcce
cagtggctcc
cggtacgegg
gcagctgacc
cgegggcette
gcggatcgee
ctagcgacgcc
cttctacaag
caacgccgece
cgcettcggg
gctgcacagc
caagggctac
cgaagtcccg
gccggtggece

eksraainaa

ptanggskgy

cgatgtcaca
cccgtgacga
atgagactgt
ctcttcggceg
ctcggcgact
tgtaagcgca
ttcaacttca
ccggtcaact
gccgacacca
aaggcgcgcg
ategacagcc
ctgggcggea
gccgacgaca
gacgtcaaca
gtcacccttc
ctgececegtee
cccecegggceg
ccgccgtacg

1fgasaavsa
fnftacsgar
karayiqqgtl
addinavtak
lpvlnsat

acaccggcca
aagggtcctg
cccgacgege
cgagcgccge
cctactccte
gcaccaagtc
ccgectgttce
ccggeaccga
tgaccacctg
cctacatcca
gggcccccge
gctgcgeegt
tcaacgeccgt
cgaccttcge
ccgtggagaa
tgaactccge
gggcttegee
tgcegcecegee

prigatdyva
tgdvlakqlt
pagldgvyda
raadhgfafg

tccgggtcat
ctacatcaga
ggccacggeg
cgtgtcecgeg
gggggtcggce
ctaccecggec
gggcgcecge
cctggtcagc
caacctccag
gcagacgctg
agcccaggtce
cggtctcteg
caccgccaag
cgggcacgag
ctcctaccac
cacctgatct
gtaggtgcege
cccggacgeg

lgdsyssgvg
pvnsgtdlvs
idsrapaaqv
dwmttfaghe

ccctgatcgt
aatgacagaa
tcegegetee
ccgcgaatce
gcgggcaget
ctgtgggceg
acaggagacg
attaccatcg
ggcgagagcg
cccgeccage
gtcgtcctgg
gagaagtccc
cgcgeccgeceg
ctgtgctecg
cccacggcca
cgcggetact
gtaccgecegt
gteggttc
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agsydsssgs
itiggndagf
vvlgyprfyk
lcsgapwlhs

gggaatgggt
atcctgeteca
tectcaccecc
aggccaccga
acgacagcag
cctcgecacac
tgctggcecaa
gcggcaacga
cgtgcctgge
tggaccaggt
gctacccgeg
gcgecggcecat
accacggctt
gcgeccectg
acggacagtc
ccgeecctga
cgccecgtege
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Figure 28 (SEQ ID No. 32)
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MKKWFVCLLG LVALTVQAAD SRPAFSRIVM FGDSLSDTGR MYSKMRGYLP
SSPPYYEGRF SNGPVWLEQL TKQFPGLTIA NEAEGGATAV AYNKISWNPK
YOVINNLDYE VTQFLQRDSF KPDDLVILWYV GANDYLAYGW NTEQDAKRVR
DAISDAANRM VLNGARQILL FNLPDLGONP SARSQKVVEA VSHVSAYHNQ
LLLNLARQLA PTGMVKLFEI DKQFAEMLRD PONFGLSDVE NPCYDGGYVW
KPFATRSVST DRQLSAFSPQ ERLAIAGNPL LAQAVASPMA RRSASPLNCE
GKMFWDQVHP TTVVHAALSE RAATFIANQY EFLAH*
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Figure 29 (SEQ ID No. 33)
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ATGAARAAAT GGTTTGTGTG TTTATTGGGA TEGGTCGCGC TGACAGTTCA
TACTTTTTTA CCARAACACAC AAATAACCCT AACCAGCGCG ACTGTCAAGT

GGCAGCCGAC AGTCGCCCCG CCTTTITCCCG GATCGTGATG TTCGGCGACA
CCGTCGGCTG TCAGCGGGGC GGAARAGGGC CTAGCACTAC AAGCCGCTGT

GCCTCTCCGA TACCGGCAAA ATGTACAGCA AGATGCGCGG TTACCTCCCC
CGGAGAGGCT ATGGCCGTTT TACATGTCGT TCTACGCGCC AATGGAGGGG

TCCAGCCCGC CCTACTATGA GGGCCGTTTC TCCAACGGAC CCGTCTGGCT
AGGTCGGGCG GGATGATACT CCCGGCAAAG AGGTTGCCTG GGCAGACCGA

GGAGCAGCTG ACCAAACAGT TCCCGGGTCT GACCATCGCC AACGAAGCGG
CCTCGTCGAC TGGTTTGTCA AGGGCCCAGA CTGGTAGCGG TTGCTTCGCC

ARGGCGGTGC CACTGCCGTG GCTTACAACA AGATCTCCTG GAATCCCAAG
TTCCGCCACG GTGACGGCAC CGAATGTTGT TCTAGAGGAC CTTAGGGTTC

TATCAGGTCA TCAACAACCT GGACTACGAG GTCACCCAGT TCTTGCAGAA
ATAGTCCAGT AGTTGTTGGA CCTGATGCTC CAGTGGGTCA AGAACGTCTT

AGRACAGCTTC AAGCCGGACG ATCTGGTGAT CCTCTGGGTC GGTGCCAATG
TCTGTCGAAG TTCGGCCTGC TAGACCACTA GGAGACCCAG CCACGGTTAC

ACTATCTGGC CTATGGCTGG AACACGGAGC AGGATGCCAR GCGGGTTCGC
TGATAGACCG GATACCGACC TTGTGCCTCG TCCTACGGTT CGCCCAAGCG

GATGCCATCA GCGATGCGGC CAACCGCATG GTRACTGAACG GTGCCAAGCA
CTACGGTAGT CGCTACGCCG GTPGGCGTAC CATGACTTGC CACGGTTCGT

GATACTGCTG TTCAACCTGC CGGATCTGGG CCAGAACCCG TCAGCTCGCA
CTATGRCGAC AAGTTGGACG GCCTAGACCC GGTCTTGGGC AGTCGAGCGT

GTCAGAAGGT GGTCGAGGCG GTCAGCCATG TCTCCGCCTA TCACAACCAG
CAGTCTTCCA CCAGCTCCGC CAGTCGGTAC AGAGGCGGAT AGTGTTGGTC

CTGCTGCTGA ACCTGGCACG CCAGCTGGCC CCCACCGGCA TGGTAAAGCT
GACGACGACT TGGACCGTGC GGTCGACCGG GGGTGGCCGT ACCATTTCGA

GTTCGAGATC GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT
CAAGCTCTAG CTGTTCGTTA ARACGGCTCTAR CGACGCACTA GGCGTCTTGA

TCGGCCTGAG CGACGTCGAG AACCCCTGCT ACGACGGCGG CTATGTGTGG
AGCCGGACTC GCTGCAGCTC TTGGGGACGA TGCTGCCGCC GATACACACC

AARGCCGTTTG CCACCCGCAG CGTCAGCACC GACCGCCAGC TCTCCGCCTT
TTCGGCAAAC GGTGGGCGTC GCAGTCGTGG CTGGCGGTCG AGAGGCGGAA

CAGTCCGCAG GAACGCCTCG CCATCGCCGG CAACCCGCTG CTGGCACAGG
GTCAGGCGTC CTTGCGGAGC GGTAGCGGCC GTTGGGCGAC GACCGTGTCC

CCGTTGCCAG TCCTATGGCC CGCCGCAGCG CCAGCCCCCT CAACTGTGAG
GGCAACGGTC AGGATACCGG GCGGCGTCGC GGTCGGGGGA GTTGACACTC

GGCAAGATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TGCACGCAGC
CCGTTCTACA AGACCCTAGT CCATGTGGGC TGGTGACAGC ACGTGCGTCG

CCTGAGCGAG CGCGCCGCCA CCTTCATCGC GAACCAGTAC GAGTTCCTCG
GGACTCGCTC GCGCGGCGGT GGAAGTAGCG CTTGGTCATG CTCAAGGAGC

CCCAC TGA
GGGTG ACT
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Figure 30 (SEQ ID No. 34)

1 MEKKWFVCLLG LIALTVQARAD TRPAFSRIVM FGDSLSDTGK MYSKMRGYLP

51 SSPPYYEGRF SNGPVWLEQL TKQFPGLTIA NEAEGGATAV AYNKISWNPK
101 YQVINNLDYE VTQFLQKDSF KPDDLVILWV GANDYLAYGW NTEQDAKRVR
151 DAISDAANRM VLNGAKQILL FNLPDLGONP SARSQKVVEA VSHVSAYHNK
201 LLLNLARQLA PTGMVKLFEI DRQFAEMLRD PONFGLSDVE NPCYDGGYVW
251 KPFATRSVST DRQLSAFSPQ ERLAIAGNPL LAQAVASPMA RRSASPLNCE
301 GKMFWDQVHP TTVVHAALSE RAATFIETQY EFLAHG*
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Figure 31 (SEQ ID No. 35)
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ATGARARAAT GGTTTGTTTG TTTATTGGGG TTGATCGCGC TGACAGTTCA
TACTTTTTTA CCARACAAAC AAATAACCCC AACTAGCGCG ACTGTCAAGT

GGCAGCCGAC ACTCGCCCCG CCTICTCCCG GATCGTGATG TTCGGCGACA
CCGTCGGCTG TGAGCGGGGC GGARGAGGGC CTAGCACTAC AAGCCGCTGT

GCCTCTCCGA TACCGGCAAA ATGTACAGCA AGATGCGCGG TTACCTCCCC
CGGAGAGGCT ATGGCCGTTT TACATGTCGT TCTACGCGCC AATGGAGGGG

TCCAGCCCGC CCTACTATGA GGGCCGTTTC TCCAACGGAC CCGTCTGGCT
AGGTCGGGCG GGATGATACT CCCGGCAAAG AGGTTGCCTG GGCAGACCGA

GGAGCAGCTG ACCAAGCAGT TCCCGGGTCT GACCATCGCC AACGRAGCGG
CCTCGTCGAC TGGTTCGTCA BAGGGCCCAGA CTGGTAGCGG TTGCTTCGCC

ARGGCGGTGC CACTGCCGTG GCTTACAACA AGATCTCCTG GAATCCCAAG
TTCCGCCACG GTGACGGCAC CGAATGTTGT TCTAGAGGARC CTTAGGGTTC

TATCAGGTCA TCAACAACCT GGACTACGAG GTCACCCAGT TCTTGCAGAA
ATAGTCCAGT AGTTGTTGGA CCTGATGCTC CAGTGGGTCA AGAACGTCTT

AGACAGCTTC AAGCCGGACG ATCTGGTGAT CCTCTGGGTC GGTGCCAATG
TCTGTCGAAG TTCGGCCTGC TAGACCACTA GGAGACCCAG CCACGGTTAC

ACTATCTGGC ATATGGCTGG AATACGGAGC AGGATGCCAA GCGAGTTCGC
TGATAGACCG TATACCGACC TTATGCCTCG TCCTACGGTIT . CGCTCAAGCG

GATGCCATCA GCGATGCGGC CAACCGCATG GTACTGAACG GTGCCAAGCA
CTACGGTAGT CGCTACGCCG GTTGGCGTAC CATGACTTGC CACGGTTCGT

GATACTGCTG TTCAACCTGC CGGATCTGGG CCAGARACCCG TCAGCCCGCA
CTATGACGAC AAGTTGGACG GCCTAGACCC GGTCTTGGGC AGTCGGGCGT

GTCAGAAGGT GGTCGAGGCG GTCAGCCATG TCTCCGCCTA TCACAACAAG
CAGTCTTCCA CCAGCTCCGC CAGTCGGTAC AGAGGCGGAT AGTGTTGTTC

CTGCTGCTGR ACCTGGCACG CCAGCTGGCC CCCACCGGCA TGGTAAAGCT
GACGACGACT TGGACCGTGC GGTCGACCGG GGGTGGCCGT ACCATTTCGA

GTTCGAGATC GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT
CAAGCTCTAG CTGTTCGTTA AACGGCTCTA CGACGCACTA GGCGTCTTGA

TCGGCCTGAG CGACGTCGAG AACCCCTGCT ACGACGGCGG CTATGTGTGG
AGCCGGACTC GCTGCAGCTC TTGGGGACGA TGCTGCCGCC GATACACACC

AAGCCGTTTG CCACCCGCAG CGTCAGCACC GACCGCCAGC TCTCCGCCTT
TTCGGCARAC GGTGGGCGTC GCAGTCGTGG CTGGCGGTCG AGAGGCGGAA

CAGTCCGCAG GAACGCCTCG CCATCGCCGG CAACCCGCTG CTGGCACAGG
GTCAGGCGTC CTTGCGGAGC GGTAGCGGCC GTTGGGCGAC GACCGTGTCC

CCGTTGCCAG TCCTATGGCC CGCCGCAGCG CCAGCCCCCT CAACTGTGAG
GGCAACGGTC RGGATACCGG GCGGCGTCGC GGTCGGGGGA GTTGACACTC

GGCAAGATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TGCACGCAGC
CCGTTCTACA AGACCCTAGT CCATGTGGGC TGGTGACAGC ACGTGCGTCG

CCTGAGCGAG CGCGCCGCCA CCTTCATCGA GACCCAGTAC GAGTTCCTCG
GGACTCGCTC GCGCGGCGGT GGAAGTAGCT CTGGGTCATG CTCAAGGAGC

CCCACGGATG A
GGGTGCCTAC T
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Figure 32

sath
R.sol
Consensus

satA
R.sol
Consensus

satf
R.sol
Consensus

sath
R.sol
Consensus

satf
R.sol
Consensus

satf

R.spl
Consensus

satfl
R.sol
Consensus

1 10 20 50
+ + I

1 : $ $ }

ADTRPAFSRIVHFGDSLSDTGKHYSKHRGYLPSSPPYYEGRFSH--6
QSGHPHVYAKYORHVYFGDSLSDIGT-—-——YTPYANAYGGGKF TTHPG
«+sadnraafqgRi¥nFGOSLSBiGk, ... ...T1PsaqaygebrFsn, .G

80 90 100

30 40

51 60 70
| + + + + }
PYHLEQL TKOQFPGLTIANEAEGGATAYAYHKISHHPKYQVINNLDYEYTO
PIMAETYRAGL -GV TLTPAYHGYA T SVOHC PKAGCFDYRGLGGSRYTDPHG
P!HaFqlaalll .G1TianaaebgATaVannkiagnfdYaggnnrdt #png

101 110 140 150
] | ¥ + + J
FLOKDSFKPDDLYILHYGAKDYLAYG--HNTEQDAKRYRDALSDAARHRHY
IGHNGGAGRLTYPYOOOLANFYARSHNTFHGHEDYYFYLAGSHDIFFHTT
igqndgagaddlp!qqqeANdYafsn, , Fig##DakrY¥raainDaanrnt

151 160 190 200
] + + + ¥ |
LNGAKOQILLFHL PDLGORPSARSOKVYVEAVSHYSAYHHKL ~LLELARQLA
ARATSGSGYTPATATARDVOOARTDLYRYYKDHIAKGATOQVYYFHLPDSSL
aaaakqiglfnaialallingqRas#1Vgeakdh!aaganqgl ,11HLarqla

201 210 220 230 240 250
I + + ¥ + 1
PT6HYKLFEIDKOFAEHL RDPONFGLSDVENPCYDGGYVHKPFATRSYST
TPDGYASGTTGOARLLHALYGTFHT TLOSGLAGTSARTIIDFHAOLTAATON
ppdgYalpgeidqalaealrdpgifgl qdgeapcsargidfnagaTaalqn

251 260 . 280 290 300
| + + + } 1
DROLSAFSPOERLATAG~~NPLLAGAYASPH~--ARRSASPLHCEGKHFH
GASFGFANTSARACDATKINALYPSAGGSSLFCSANTLYASGADASYLFA
daqlpaanpgaRaadfg, .Hal laqAgaSp$, . .Arrlaapgadégk$Fa

330

120 130

170 180

270

301 310 320

1 + + i
DOYHPTTYVHABLSERARTFIETOYEFLAH
DGVHPTTAGHRLIASHYLARLLA--DHYAH .
DgVHPTTagHaaliaeraaariea, . #nl1AH




PCT/IB2004/004374

WO 2005/066351
25/44
Figure 33
v
Pfam *~>ivafGDSltdggg...... .........ayygdsdgggwgagladrltsla..rlrargrgvdv
Sriml 38 YVALGDSYSSGVG. ............39SYDSSSGSCKRSTKSYPALWAAS . . ~~—v- HTGTRF 81
Scoel 5 YVAVGDSETEG——. .... cereeeanan —-VGDPGPDGAFVGWADRLAVLL. . ADRRPEGDETY 47
Scoe2 10 LVAVGDSEFTEG-—. .. .. ccvemnnnn ~-MSDLLPDGSYRGWADLLATRM. . -~AARSPGFRY 50
Scoe3 239 VVAFGDSITDG——. .. cc i eivnennnn ARSQSDANHRWTDVLAARLHEAA . . GDGRDTPRYSV 283
Scoed 75 LMMLGDSTAAG——....... R ittty OGVHRAGQOTPGALLASG. . LAAVAERPVRL 113
Scoe5 66 VAAVGDSITRGFD....... +++...8CAVLSDCPEVSWATGSSAKVDSLAVrLLGKADAAEHS 116
Ahydl 28 IVMFGDSLSDTGKmyskmrgylps sppy YEGRFSNGPVWLEQLTNEFPGLTiaNEAEGGPTAVA 91
Asall 28 IVMFGDSLSDTGKmys kmrgylpssppy YEGRFSNGPVWLEQLTKQF -~~~ . —~—w——m PGLTI 79
Ahyd2- 40 IVMFGDSLSDTGRmys kmrgylpssppy YEGRFSNGPVWLEQLTKQFPGLTiaNEAEGGATAVA 103
Pfam fnrgisGrtsdGrlvvDarlvat21FlaqflGlnlpPYLsgdflrGANFAsagAtIlgtslipflni
Sriml 82 NFTACSGAR 20
Scoel 48 TNLAVRGRL: 56
Scoe2 51 ANLAVRGKL: 59
Scoe3 284 VNEGISGNR: - 292
Scoed4 114 GSVAQPGAC - 122
Scoe5 117 WHYAVTGAR-—————————— e 125
Ahydl 92 YNRISWNPK-~—————~—— = —mm e 100
Asall 80 ANEAEGGAT 88
Ahyd2 104 YNKISWNPK —_—— 112
A4

Pfam qudefkskvlequa-.-...lgllqellrlvpvldakspdlvtimiGtNDl...itvakfgpks
Sriml 91 ——-mmmmmmm————— L ——-TGDVLAKQLTPVNSGTDLVSITIGGNDAgfaDTMTTCNLOG 131
Scoel 57 —————mmmmmmm————— L. ~—LDQIVAEQVPRVVGLAPDLVSFAAGGNDI. . . =——wx I—--- 86
Scoe2 60 ——————————m—m———— ... —-IGQIVDEQVDVARAMGADVITLVGGLNDT. . . —~~~———~—~ 88
Scoe3 293 —————=—-— LLTSRPGRPA...... DNPSGLSRFQRDVLERTNVKAVVVVLGVNDV. . . ———wwe— e 333
Scoeq 123 ————————————————e ... SDDLDRQVALVLAEPDRVPDICVIMVGANDV. . . ————————n 153

- Scoed 126 ———mm—mmm— L. ——-~MADLTAQVTRAAQREPELVAVMAGANDA. . ,—~—————o CR 155
Ahydl 101 ~———-me—————— YOVI...... NNLDYEVTQFLOKDSFKPDDLVILWVGANDY. . .~ ~~LA 137
Asall 89 ~————m— AVAYNKISWNpkyqvyNNLDYEVTQFLQKDSFKPDDLVILWVGANDY. . . -==--LA 137
Ahyd2 113 -———-—————wm= YOVI...... NNLDYEVTQFLQKDSFKPDDLVILWVGANDY. . . =~=—=e——— LA 149
Pfam = ....... tksdrnvsvpefrdnlrklikrLrsangariiilitlvilinlpl........... pPlGCl
Sriml 132 esaclarIAKARAYIQQTLPAQLDQVYDAIDSRAPAA——~—~~— QUUVLGYP-. ..o unne .~ 176
Scoel 87 ....... -~—~RPGTDPDEVAERFELAVAALT-AAAGTVLVTTGFDTRGVP-. . ... .
Scoe2 89 .......-=—~m-———m LRPKCDMARVRDLLTQAVERLAPHCEQLVLMRSP~. ... ....
Scoe3 334 ....... LNSPELADRDAILTGLRTLVDRAHARGLRVVGATITPFGGYGG-. . .o v v.on. ..
Scoe4 154 ..... . « ———THRMPATRSVRHLSSAVRRLR-TAGAEVVVGTCPDLGTIE—........
Scoe5 156 ....... STTSAMTPVADFRAQFEEAMATLR—KKLPKAQVYVSSIPDLKRstqgrtnplngVWKL 214
Ahydl 138 ....... YGWNTEQDAKRVRDAISDAANRMV-LNGAK———~~ EILLFNLP—...........==—— 174
Asall 138 ....... YGWNTEQDAKRVRDAI SDAANRMV-LNGAK~-———QILLFNLP-....._ .....~——=m 174
Ahyd2 150 ....... YGWNTEQDAKRVRDAI SDAANRMV—-LNGAK=~—~~ QILLFNLP—...........—~~ 186
Pfam pq.klalalassknvdatgclerlneavadynealrelaei.ek.l.q.aqlrkdglpdlkeanvpy
Sriml 177 —-.RFYKLGGSCAVGLSEKSRAAINAAADDINAVTAKRA——,—~, = — —————ceemee ADHGFAF 219
Scoel 126 —— . —~m—cmmmememenan VLKHLRGKIATYNGHVRAIA--.—~.~_ —, «-=w=—————DRYGCPV 152
Scoe?2 GRQGPVLERFRPRMERLFAVIDDLA—- . eTT. T .- === =———GRHGAVV 154
Scoe3 377 ——.YTEARETMRQEVNEEIRSGRVFDTVVDFDKALRDPY——.--.-.—- 412
Scoe4 193 --,~——- —---RVRQPLRWLaRRaSrQlARAQTIGAVEQGGRTVSL 227
Scoe5 215 GLCPSMLGDADSLDSAATLRRNTVRDRVADYNEVLREVC--.-~,— .  AXDRRCRSDDGAVHEFRFGT 273
Ahydl 175 —-.—-——DLGQNPSARSQKVVEAASHVSAYHNQLLLNLA-—.——.—.—.RQLAPTGMVKLFEIDKQF 2214
Asall 175 —--.- ——DLGONPSARSQKVVEAVSHVSAYHNKLLLNLA-- . ——.~ .~ ROLAPTGMVKLFEIDKQF 224
Ahyd2 187 —=.~—-~DLGONPSARSQKVVEAVSHVSAYHNQLLLNLA-~-.-~.~ .- . RQLAPTGMVKLFEIDKQF 236
Pfam Vblysifqdldgiqnpsayv.y....GFeet.kaCCGyGgr.yNyn.rv.CGnag.l.ck.vtakaC
Sriml 220 GDVNT--—--—-=——=————m - .~TFAGHEI1CSGAPWL .HS .VT-——~ 242
Scoel 153 . e - 166
Scoe2 155 VDLYGAQSLADPRM————-- P e 168
Scoe3 413 eTeeee 413

242
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228 GDLLGPEFAQNPREL e
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Scoe5 274 DQL

Ahydl 225 AEMLRDPQNFGLSDQRNACYQGSYVWKPE'ASrSASTDSQLSaFNPQeRLaIAGNPlLaQAvASPMAA 291

Asall 225 AEMLRDPONFGLSDVENPCYdGgyvwKPFATrSVSTDRQLSaFSPQeRLaIAGNP1LaQAVASPMAR 291
AEMLRDPQONFGLSDVENPCYdGGyvwKPEFATTSVSTDRQLSaFSPQeRLaIAGNP1LaOAVASPMAR 303

Ahyd2 237
v

Pfam .dassyll.atlfwDgf.HpsekGykavAeal<-*
Sriml 243 .————~—- .——LPVENSYHPTANGQSKGYLPV 263
Scoel 167 .-———~—- . ~-~WDADRL. HLSPEGHTRVALRA 186
Scoe2 169 .-——---- . —~WDVDRL . HLTAEGHRRVAEAV 188
Scoe3 413 .-DPRRMRsDYDSGDHL .HPGDRGYARMGAVI 441
Scoed 243 -—-——-—- .~-FGPDNY . HPSAEGYATARMAV 262

--------- SHWDWF . HPSVDGOARLAEIA 286

Scoe5 277 . . }
Ahydl 292 rSASTLNCeGKMEWDQV.HPTTVVHARLSEPA 322

Asall 292 rSASPLNCeGRKMEWDQV.HPTTVVHAALSERA 322
Ahyd2 304 rSASPLNCeGKMFWDQV.HPTTVVHAALSERA 334
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Figure 34
v
Pfam *->ivafGbSltdggg..--c-c e ean.. ayygdsdgggwgagladxltsla. .rlrargrgvdv
Sriml 38 YVALGDSYSSGVG. . - e v v cer oo agSYDSSSGSCKRSTKSYPALWAAS . . -~—-— HTGTRF 81
Scoel 5 YVAVGDSFTEG—=-..cccovconcennn ~-VGDPGPDGAFVGWADRLAVLL. . ADRRPEGDFTY 47
Scoe2 10 LVAVGDSFTEG——..cc-ccacrcoons ~-MSDLLPDGSYRGWADLLATRM. . -~AARSPGFRY 50
Ahydl 28 IVHEGDSLSDTGKmyskm;gylpssppyYEGRFSNGPVWLEQLTNEFPGLTiaNEABGGPTAVA 91
Asall 28 IVMEGDSLSDTGKmys kmrgylpssppyYEGRFSNGPVWLEQLTKQF ——~~. . ——~—==— PGLTI 79
Ahyd2 40 IVMFGDSLSDTGRmys kmrgylpssppyYEGRFSNGPVWLEQLTRKQFPGLTiaNEAEGGATAVA 103
Pfam fnrgisGrtsdGrlvvDarlvatl1lFl1aqflGinlpPYLsqgdf1rGANFAsagAtIlgtslipflni
Sriml 82 NFTACSGAR 90
Scoel 48 TNLAVRGRIL: -- 56
Scoe2 51 ANLAVRGKL 59
Ahydl 92 YNKISWNPK - 100
Asall 80 ANEAEGGAT - 88
Ahyd2 104 YNKISWNPK ———- 112
A 4
pPfam QvqFkdfkskvlelrqa...... lglligellrlvpvldakspdivtimiGtNDl...itvakfgpks
Sriml 91 ittt S ——-TGDVLAKQLTPVNSGTDLVSITIGGNDAgfaDTMTTCNLQG 131
Scoel 57 ————-—mm—m———-e——— L., ~—LDQIVAEQVPRVVGLAPDLVSFAAGGNDI.. .~———=- I---- 86
Scoe2 &0 B PPN ~—IGQIVDEQVDVARAMGADVITLVGGLNDT. . .—~—~=v~=——— 88
Ahydl 101 --—===-=—-—=-~ YOVI...... NNLDYEVTQFLOKDSFKPDDLVILWVGANDY. . .~————-——~LA 137
Asall 89 —v—o-——- AVAYNKISWNpkyqvyNNLDYEVTQFLOKDSFKPDDLVILWVGANDY. . . ——~—w=—— LA 137
Ahyd2 113 ———=~—————===YQVI...... NNLDYEVTQFLOKDSFKPDDLVILWVGANDY. . . ~—————=— LA 149
Pfam = ....... tksdrnvsvpefrdnlrklikrlrsangariiilitivllnlplplGCl
Sriml 132 esaclarIAKARAYIQQTLPAQLDQVYDAIDSRAPAA-—--— QVVVLGYP~————-m 176
Scoel 87 ....... —-—--RPGTDPDEVAERFELAVAALT-AAAGTVLVTTGFDTRGVP~~—~—— 125
Scoe2 89 .......—~—m————— LRPKCDMARVRDLLTQAVERLAPHCEQLVEMRS P—~ v —— 122
Ahydl 138 ....... YGWNTEQDAKRVRDAI SDAANRMV-LNGAK-~—~~ EXILLFNLP-——~-—— 174
Asall 138 ....... YGWNTEQDAKRVRDAISDAANRMV-LNGAK--—-~-0I LLENLP———~——— 174
Ahyd2 150 ....... YGWNTEQDAKRVRDAISDAANRMV-LNGAK———~— QILLFNLP-—~——— 186
Pfam pgklalalassknvdatgclerlneavadynealrelaeieklqaqlrkdglpdlkeanvpy
Sriml 177 —-—RFYKLGGSCAVGLSEKSRAAINAAADDINAVTARRA-————=—~—=———————— ADRGFAF 219
Scoel 126 VLKHLRGKIATYNGHVRAIA DRYGCPV 152
Scoe2 123 ——————————e=— GROGPVLERFRPRMEALFAVIDDLA GRHGAVV 154
Ahydl 175 —-———-— DLGONPSARSQKVVEAASHVSAYHNQLLLNLA-————- ROLAPTGMVKLFEIDKQF 224
Asall 175 ——---- DLGONPSARSQKVVEAVSHVSAYHNKLLENLA—----~-ROLAPTGMVKLFEIDKQF 224
Ahyd2 187 ——---- DLGONPSARSQKVVEAVSHVSAYHNQLLLNLA-————- ROLAPTGMVKLFEIDKQF 236
Pfam VDlysifqdldgignpsayv.y....GFeet.kaCCGyGgr.yNyn.rv.CGnag.l.ck.vtakaC
Sriml 220 GDVNT--————~-———===— e T e e LT e —— . ~TFAgGHE1CSGAPWL .HS . VT'~-~—= 242
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Scoe2 155 VDLYGAQSLADPRM-———-—.~.,_  —===== L ———— Lo e 168
Ahydl 225 AEMLRDPONFGLSDQRNACYgGsyvwKPFASrSASTDSQLSaFNPQeRLaIAGNP1LaQAvVASPMAR 291
Asall 225 AEMLRDPQONFGLSDVENPCYdGgyvwKPFATrSVSTDRQOLSaFSPQeRLaIAGNP1LaQAvASPMAR 291
Ahyd2 237 AEMLRDPQNFGLSDVENPCYdGGyvWwKPEATrSVSTDROLSaFSPQeRLaIAGNP1LaQAVASPMAR 303
v

Pfam .dassyll._atlfwbDgf.HpsekGykavReal<-*
Srim}l 243 .------= .—-LPVENSYHPTANGOSKGYLFV 263
Scoel 167 .——-—---- . —=—WDADRL . HLSPEGHTRVALRA’ 186
Scoe2 163 .-———--~ .—-WDVDRL . HLTAEGHRRVAEAV 188
Ahydl 292 rSASTLNCeGKMFWDQV.HPTTVVHAALSEPA 322
Asall 292 rSASPLNCeGKMFWDQV.HPTTVVHAALSERA 322
Ahyd2 304 rSASPLNCeGKMEWDQV.HPTTVVHAALSERA 334
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Degradation products

Samples spotted
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Figure 39
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Figure 40.
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Figure 43

Controls
Pos neg A. hvdroohila GCAT A. sal GCAT
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Figure 45

(SEQ ID No. 36)

1 MFKFKENFLV GLSAALMSIS LFSATASAAS ADSRPAFSRI VMFGDSLSDT

51 GKMYSKMRGY LPSSPPYYEG RFSNGPVWLE QOLTKQFPGLT IANEAEGGAT

101 AVAYNKISWN PRYQVINNLD YEVTQFLQKD SFRKPDDLVIL WVGANDYLAY

151 GWNTEQDAKR VRDAISDAAN RMVLNGAKQI LLFNLPDLGQ NPSARSQKVV

201 EAVSHVSAYH NQLLLNLARQ LAPTGMVKLF EIDKQFAEML RDPQONFGLSD

. 251 VENPCYDGGY VWKPFATRSV STDRQLSAFS PQERLAIAGN PLLAQAVASP
301 MARRSASPLN CEGKMFWDOV HPTTVVHAAL SERAATFIAN QYEFLAH**
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Figure46 (SEQ ID No. 45)

1 ATGTTTAAGT TTAAAAAGAA TTTCTTAGTT GGATTATCGG CAGCTTTAAT
TACAAATTCA AATTTTTCTT AARAGAATCAAR CCTAATAGCC GTCGAAATTA

51 GAGTATTAGC TTGTTTTCGG CAACCGCCTC TGCAGCTAGC GCCGACAGCC
CTCATAATCG AACAARAGCC GTTGGCGGAG ACGTCGATCG CGGCTGTCGG

101 GTCCCGCCTT TTCCCGGATC GTGATGTTCG GCGACAGCCT CTCCGATACC
CAGGGCGGAR AAGGGCCTAG CACTACAAGC CGCTGTCGGAR GAGGCTATGG

151 GGCAAAATGT ACAGCAAGAT GCGCGGTTAC CTCCCCTCCA GCCCGCCCTA
CCGTTTTACA TGTCGTTCTA CGCGCCAATG GAGGGGAGGT CGGGCGGGAT

201 CTATGAGGGC CGTTTCTCCA ACGGACCCGT CTGGCTGGAG CAGCTGACCA
GATACTCCCG GCAAAGAGGT TGCCTGGGCA GACCGACCTC GTCGACTGGT

251 AACAGTTCCC GGGTCTGACC ATCGCCAACG AAGCGGAAGG CGGTGCCACT
TTGTCAAGGG CCCAGACTGG TAGCGGTTGC TTCGCCTTCC GCCACGGTGA

301 GCCGTGGCTT ACAACAAGAT CTCCTGGAAT CCCAAGTATC AGGTCATCAA
CGGCACCGAA TGTTGTTCTA GAGGACCTTA GGGTTCATAG TCCAGTAGTT

351 CAACCTGGAC TACGAGGTCA CCCAGTTCTT GCAGAAAGAC AGCTTCAAGC
GTTGGACCTG ATGCTCCAGT GGGTCAAGAA CGTCTTTCTG TCGAAGTTCG

401 CGGACGATCT GGTGATCCTC TGGGTCGGTG CCAATGACTA TCTGGCCTAT
GCCTGCTAGA CCACTAGGAG ACCCAGCCAC GGTTACTGAT AGACCGGATA

451 GGCTGGAACA CGGAGCAGGA TGCCAAGCGG GTTCGCGATG CCATCAGCGA
CCGACCTTGT GCCTCGTCCT ACGGTTCGCC CAAGCGCTAC GGTAGTCGCT

501 TGCGGCCAAC CGCATGGTAC‘TGAACGGTGC CAAGCAGATA CTGCTGTTCA
ACGCCGGTTG GCGTACCATG ACTTGCCACG GTTCGTCTAT GACGACRAGT

551 ACCTGCCGGA TCTGGGCCAG AACCCGTCAG CTCGCAGTCA GAAGGTGGTC
TGGACGGCCT AGACCCGGTC TTGGGCAGTC GAGCGTCAGT CTTCCACCAG

601 GAGGCGGTCA GCCATGTCTC CGCCTATCAC AACCAGCTGC TGCTGAACCT
CTCCGCCAGT CGGTACAGAG GCGGATAGTG TTGGTCGACG ACGACTTGGA

651 GGCACGCCAG CTGGCCCCCA CCGGCATGGT AAARGCTGTTC GAGATCGACA
CCGTGCGGTC GACCGGGGGT GGCCGTACCA TTTCGACAAG CTCTAGCTGT

701 AGCAATTTGC CGAGATGCTG CGTGATCCGC AGAACTTCGG CCTGAGCGAC
TCGTTARACG GCTCTACGAC GCACTAGGCG TCTTGAAGCC GGACTCGCTG

751 GTCGAGAACC CCTGCTACGA CGGCGGCTAT GTGTGGAAGC CGTTTGCCAC
CAGCTCTTGG GGACGATGCT GCCGCCGATA CACACCTTCG GCAARCGGTG

801 CCGCAGCGTC AGCACCGACC GCCAGCTCTC CGCCTTCAGT CCGCAGGAAC
GGCGTCGCAG TCGTGGCTGG CGGTCGAGAG GCGGAAGTCA GGCGTCCTITG

851 GCCTCGCCAT CGCCGGCAAC CCGCTGCTGG CACAGGCCGT TGCCAGTCCT
CGGAGCGGTA GCGGCCGTTG GGCGACGACC GTGTCCGGCA ACGGTCAGGA

901 ATGGCCCGCC GCAGCGCCAG CCCCCTCAAC TGTGAGGGCA AGATGTTCTG
TACCGGGCGG CGTCGCGGTC GGGGGAGTTG ACACTCCCGT TCTACAAGAC

951 GGATCAGGTA CACCCGACCA CTGTCGTGCA CGCAGCCCTG AGCGAGCGCG
CCTAGTCCAT GTGGGCTGGT GACAGCACGT GCGTCGGGAC TCGCTCGCGC

1001 CCGCCACCTT CATCGCGAAC CAGTACGAGT TCCTCGCCCA CTGATGA
GGCGGTGGAA GTAGCGCTITG GTCATGCTCA AGGAGCGGGT GACTACT
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Run order: #196

Palm oil (5% GL)
Lane (5% GL:0% H,0)
Lane (5% GL:1% H;0)
Lane (5% GL:5% H,0)
TRI _
1,3-DAG Lane (10% GL:1% HzO)
1,2-DAG
NB: 1 :Reference
MONO

2-5: With Transferase #196
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TAG Run order: #196

FFA Lane (5% GL : 1% H,0)
13-DAG
Lane (5% GL : 5% H,0)
Lane (5% GL : 7,5% H,0)
MONO  Lane (Reference: 5% GL.)
Lane (10% GL : 1% H,O)
Lane (10% GL : 5% H,O)
Lane (10% GL : 7,5% H,0)

1,2-DAG
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Figure 49

Standard curve - Yield of monoglycerides
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Figure 50
Standard curve - Yield of diglycerides
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Figure 51

SEQ ID NO. 54:

ACAGGCCGATGCACGGAACCGTACCTTTCCGCAGTGAAGCGCTCTCCCCCCATCGTTCGC
CGGGACTTCATCCGCGATTTITGGCATGAACACTTCCTTCAACGCGCGTAGCTTGCTACAA
GTGCGGCAGCAGACCCGCTCGTTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCGGCCG
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAGCCCGGCCCAGGCAG
CCGGCCCGGCCTATGTGGCCCTGGGGGATTCCTATTCCTCGGGCAACGGCGCCGGAAGTI’
ACATCGATTCGAGCGGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGCGG
CGGCCAA:CGCACCGTCCTCCTTCACC'ITCGCGGCCTGCTCGGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGGACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAACACCACCCTGCTCGCCCGGE
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCCGCGTGGTCGTCCTCG
GCTACCCGCGCATGTACCTGGCCTCGAACCCCTGGTACTGCCTGGGCCTGAGCAACACCA
AGCGCGCGGCCATCAACACCACCGCCGACACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTCCGATTCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTGTTCT
TCGGCAACGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCACCA
GCACGGGCCATCAGAGCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGACCTGATCAA
CGCACGGCCGTGCCCGCCCCGCGCGTCACGCTCGGCGCGGGCGCCGCAGCGCGTTGATCA
GCCCACAGTGCCGGTGACGGTCCCACCGTCACGGTCGAGGGTGTACGTCACGGTGGCGCC
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGCGTAGACCGCTTCCATGGT
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
GTCCGAGAGCACCGGGGGCTC GTACCGGATGATGTGCAGATCCA_AAGAATI’

FIGURE 52

SEQ iD NO. 55:

MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN

NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNASTGLVSITIGGNDAGFADAMTT
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTKRAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHELFFGNDWILHSLTLPVWE

SYHPTSTGHQSGYLPVLNANSST
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